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PRÉFACE. 



En préparant pour la publication le compte-rendu du cinquième 
Congrès géologique international j'ai suivi autant que possible 
l'arrangement adopté dans les comptes-rendus des cougrès précédents. 

La première partie doune l'histoire du Congrès et des préparatifs 
qui ont été faits pour la réception de ses membres; elle comprend aussi 
une liste des membres du Congrès, avec les adresses données par chacun 
d'entre eux. 

La deuxième partie renferme les discours d'ouverture et un aperçu 
succinct des discussions. Le procès-verbal (en anglais) de chaque 
séance fat présenté aux membres dès le lendemain matin. Ces procès- 
verbaux farent rédigés, tour à tour, par deux secrétaires à la fois; 
d'une part par M. C. Diener et le Professeur G. H. Williams, de l'autre 
par le Docteur F. Frech et M. J. C. Branner. M. le Professeur H. S. 
Williams et M. Emm. de Margerie se sont chargés des procès- verbaux 
des séances du conseil. A la fin se trouvent les procès- verbaux des 
séances des commissions internationales qui me sont parvenus. 

Dans la troisième partie se trouvent deux mémoires sur la corrélation 
des roches, un troisième sur la corrélation des roches paléozoîques ne 
m'étant parvenu, malheureusement, que trop tard pour être imprimé. 
Cette partie renferme aussi les comx)tes-rendus des discussions faits in 
extenso et rédigés dans les langues mêmes dans lesquelles celles ci ont 
été conduites. Ces comptes-rendus me furent remis par les personnes 
mêmes qui prirent part à la discussion. Dans les cas où aucun rapport 
ne m'a été envoyé, j'ai dû me contenter de reproduire les notes brièves 
des procès-verbaux. 

Dans la quatrième partie, enfin, on trouvera des explications géolo- 
giques des régions parcourues par les membres du Congrès dans leurs 
excursions. Celles-ci furent pour la plupart préparées d'avance et dis- 
tribuées aux membres présents à la session du Congrès; mais on a dû 
les soumettre à la revision de leurs auteurs respectifs. 

Le premier rapport de la commission internationale de bibliographie 
géologique a été rédigé i)ar le secrétaire de la commission, M. Emm. de 
Margerie; il sera bientôt imprimé à Paris et distribué séparément aux 
membres du Congrès par le rédacteur. 

V 



VI PREFACE. 

La rédaction du volume laisse, certainement, beaucoup à désirer, 
mais je prie les membres de ne pas la juger trop sévèrement. Mon 
collègue, M Cross, m'a été d'un grand secours dans cette œuvre, et je 
prends cette occasion de l'en remercier sincèrement. Les autres secré- 
taires sont domiciliés à trop grande distance de Washington pour 
m'aider, et aucun géologue qui connaît la langue française n'étant î\ 
portée j'ai dû me fier en grande partie à ma propre connaissance de 
cette langue pour les rédactions françaises. 

Mesremercîments gracieux pour corrections et remarques critiques à 
cet égard sont dûs à M. Emm. de M argerie de Paris, à M. Jules Marcou 
de Cambridge, Massachusetts, et à MM. A. Harisse du Bureau des Ré- 
publiques pan-américains et W. W. Bockhill du Ministère des Affaires 
Étrangères à Washington. 

N'oublions pas les remerciments du Congrès dûs au Sénat et à la 
Chambre des Députés des État^-Unis pour leur action unanime en 
faveur des buts poursuivis par la science géologique. Les deux cham- 
bres ont décrété de faire imprimer, aux frais du Trésor, le volume devant 
vous, et sans ce secours généreux toutes les contributions libérales de 
quelques membres patriotiques, destinées à défrayer les dépenses du 
Congrès, n'auraient pas suffis pour faire paraître le beau volume que 
je vous présente. 

S. F. Emmons, 
Secrétuire Général, 
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PREMIÈRE PARTIE. 



HISTORIQUE DU CONGRÈS. 






HISTORIQUE. 



La quatrième session du Congrès Géologique InteniatioDal se tint à 
Londres du 17 au 22 septembre 1888. 

Dans sa cinquième séance, le 21 septembre, le Congrès a accepté 
l'invitation de la ville de Philadelphie à tenir sa prochaine réunion, en 
1891, dans cette ville. 

À la séance de clôture du 22 septembre sur l'avis du conseil le choix 
définitif de la ville a été confié à un comité provisoire, avec pleins pou- 
voirs, se composant de MM. Dana, Frazer, Gilbert, Hall, Marsh, 
Newberry, Sterry Hunt et Walcott. 

La première réunion de ce comité provisoire américain eut lieu à New 
Haven, Conn., le 16 novembre 1888, où un comité d'organisation a été 
éln, avec pouvoir d'augmenter le nombre de ses membres. Ce comité 
se composait premièrement de MM.: 



Ashbumer. 


• Gilbert. 


Kewberry. 


Branner. 


Hall. 


• Towell. 


Chamberlin. 


Heilprin. 


Procter. 


Cook. 


Hitchcock. 


Shaler. 


Cope. 


Hunt. 


Stevenson. 


Dana. 


Leidy. 


A. Winchell. 


Davis. 


Lesley. 


H. S. Williams. 


• Dutton. 


LeConte. 


Whitfield. 


Frazer. 


Marsh. 


• Walcott. 



Plus tard les personnes suivantes ont été adjointes au comité: 

MM.* Baker. MM. ♦ Emmons. MM. ♦ Langley. 

• Becker. ♦ Goode. ♦ McGee. 

• Cross. • Hague. • Mendenhall 

• DaJl. • Hubbard. • Willis. 

• Day. • Iddings. • WiUetts. 

D'autre part le comité a perdu, avant l'ouverture du Congrès, huit 
de ses membres par le décès de MM. Ashburner, Cook, Winchell et 
Leidy, et par la démission de MM. Cope, Frazer, Heilprin et Hunt. 

'Signifie membres résident à Washington qai formèrent plus tard le Comité local 
d'arrangements. 
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4 HISTORIQUE DU CONGRÈS. 

Dana la tn>isi^mo s »aiice du comit<S le 18 avril, vu des circonstances 
qui étaiont survenuo'* depuis la clôture du Congrès de Londres, il a 
ôt<^ rt^solu de proposer au bureau (pie la prochaine réunion du Congrès 
Boit tenue i\ Washington an lieu de IMiihvdelphie. Cette proposition a 
tUô soumise au bureau du Congrès, qui l'a adoptée. 

l>ans la séance du 13 novembre 1890 le comité s'est organisé en 
ohoisivHsi^nt le bureau provisoire sidvant: 

Prt^sident, J. S. Ne wberry ; vice-président, G. K, Gilbert ; secrétaires, 
11. S. Williams, S, F. Emmons; trésorier piH>visoire, S. F. Emmons. 

En outre, il a désigné comme comité local, qui serait chargé des pré- 
luinitif^ |Kmr la rtninion du Congrès, les membres résidant à Washing- 
tim ^désignés dans la liste ï^ar un*), et a nommé des sons-comités, 
l\ iHmr le pri^gn^uime seientifiiiue, 2*, pour les excursions lointaines, 
;!•* ÏHHir le burt^au du Congrès. 

Les résolutions suivantes ont été adoptées: 

l^ Que la session du Congrès aurait lieu dans la semaine qui corn- 
niem^^ le :Î6 a«>ùt. 1891. 

:!*. Que les seiwtairvs seraient autorisés à préparer des circulaires 
d^n6^rm.^tion, eu tran^^ais et en anglais, sur Torganiss^tion. le temps 
et le lieu de r\^uuion du Congri^s et sur d^autres points nécessaires, 
eiivulain^s qui doivent être distribuées aux membres des Congrès pré- 
ce^lents et à tous ceux qui iK»urraient s^ntêresser aux travaux du 
C^vagrès* 

1^ CMOiix^tion deûnitive du Comité d'organisation est la sauvante: 

COMMÎTTEK OF ORiîAXIZAXIOX. 
IV^:. s. P. Ljl>-i-jlxt. 

r** ,*;i«i'' /• >^àwt*.>. .,^a. 1^ "«v ».^fciiï3. V >. A. 

rW /'•«»/' fj tu y itô-»»/^#.v'fc* ;*.*ir'i«-^ I •*<iHHi.M':-,'^?iini.t.-i«L»*r i J*. via. *~ S. 3^^. 
T"!»» ■'•«»*■ // 3K- *-«..•#«(*• y.'i.-^^i*^ :>•?? V. 'i*' Kctf*--. > 



COMITÉ d'organisation. 5 

Tke Ex-President of the American Aêsociation for the Advancement of Science, Prof. 

G. W. GOODALE. 

The Ex'lHreetor of the U. S, Geological Surrey^ Clakknck King. 

Prof. £i>WAKD Okton, State Qeologist of Ohio. 

Prof. J. M. Safford, ex-State Geologist of Tennessee. 

Prof. ËUGRN1S A. Smith, State Geologist of Alabama. 

Prof. John C. Smock, State Geologist of New Jersey. 

Prof. I. C. Whitk, ex-State Geologist of West Virginia. 

Prof. N. H. WiNCHELL, State Geologist of Minnesota. 

Prof. G. H. WiLUAMS, Johus Ilopkins University. 

Prof. Râpuael Pumpelly, U. S. Geological Survey. 

Prof. W. H. Brbwer, Yale University. 

Prof. George J. Brush, Yale University. 

Prof. A. E. Verrill, Yale University. 

Prof. E. S. Dana, Yale University. 

Prof. Eugène W. Hilgard, University of Califomio. 

Prof. Alexander Agassiz, Harvard University. 

Prof. J. D. Whitney, Harvard University. 

Prof. Jules Marcou, Cambridge, Mass. 

Thomas Wii^on, Smithsonian Institution. 

Prof. Lester F. Ward, U. S. Geological Survey. 

Dr. C. A. White, U. S. Geological Survey. 

George H. Eldridge, U. S. Geological Survey. 

Dr. A. C. Peale, U. S. Geological Survey. 

OFFICER8. 

Prof. J. S. Newberry. Chairman, 

G. K. Gilbert, Vice-Chairman, 

Arnold Hague, Tretuunr. 

H. S. Williams, S. F. Emmons, General SecretarUê, 

Whitman Cross, AsiUtant Secretary, 

committeb. 



Morcns Baker. 

G. F. Becker. 

Dr. J. C. Branner. 

Président T. C. Cliamberlin. 

Whitman Cross. 

Dr. W. H. Dali. 

Prof. James D. Dana. 

Prof. W. M. Davis. 

Dr. D. T. Day. 

Maj. C. E. Dutton. 

S. F. Emmons. 

G. K. Gilbert. 

G. Brown Goode. 

Arnold Hague. 

I*rof. James Hall. 

Prof. C. H. Hitchcock. 

Gardiuer G. Hubbard. 



J. P. Iddings. 
Prof. S. P. Langley. 
Prof. Joseph LeConte. 
Prof. J. P. Lesley. 
W J McGee. 
Prof. O. C. Marsh. 
Prof. T. C. Mendeiihall. 
Prof. J. S. Newlïerry. 
Maj. J. W. Powell. 
J. R. Procter. 
Prof. N. S. Sbaler. 
Prof. J. J. Stevenson. 
C. D. Walcott. 
R. P. Whitfield. 
Hon. Edwin Willett». 
Prof. H. S. Williams. 
Bailey Williu. 



6 HISTORIQUE DU CONGRÈS. 

Conformément aux instructions du comité, les Secrétaires préparèrent 
et distribuèrent les lettres circulaires suivantes (en français et en 
anglais): 

I. COMITÉ D'OROAIÏISATION. 

Washington, D. C, le 1^ janvier, 1891. 

Monsieur : Le bureau du Congrès géologique international à décidé que la 5' ses. 
sion se tiendra à Washington, D. C. (États-Unis d'Amérique), et la date de la réunion 
a été fixée au 26 août, 1891. 

La session annueUe de rAssociation américaine pour Tavancement des sciences et 
la session d'été de la Société géologique d'Amérique se tiendront la semaine précé- 
dente dans la même ville. 

La session du Congrès sera suivie de plusieurs excursions organisées en vue de 
faire visiter aux personnes qui auront participé au Congrès les endroits qui leur sem- 
bleront présenter le plus d'intérôt. 

Nous venons vous prier, Monsieur, de prendre part aux travaux du Congrès, et, si 
telle est votre intention, de vouloir bien adresser au Secrétariat du Comité d'organi- 
sation votre demande d'inscription comme membre du Congrès. 

La cotisation à payer pour chaque membre est fixée à deux dollars et demi ($2.50). 

Le reçu du Trésorier donne droit à la carte de membre, ainsi qu'au compte rendu 
et aux autres publications ordinaires du Congrès. 

Le Comité d'organisation fera les démarches nécessaires pour obtenir des com- 
pagnies transatlantiques les conditions les plus favorables pour le voyage, aller et 
retour, aux États-Unis; eUe demandera également aux compagnies américaines de 
chemins de fer des billets à prix réduit pour les excursions géologiques. 

Pcuir que ces négociations puissent aboutir, il est indispensable que le comité con- 
naisse le nombre approximatif des membres qui seront présents, et qu'il puisse dresser 
par avance, conformément aux désirs exprimés par la majorité des membres, la liste 
des endroits à visiter. En raison de la variété des points intéressants pour le géo- 
logue, et de la longueur des distances, le comité ne serait pas en état, sans ces ren- 
seignements, de rédiger une programme d'excursions dans des limites de dépense rai- 
sonnables. 

Pour ces motifs nous vous prions de vouloir bien remplir l'imprimé ci-joint et de 
l'adresser, aussitôt qu'il vous sera possible, au Secrétariat du Comité à Washington. 

Le programme détaillé des séances, excursions, etc., sera envoyé ultérieurement 
aux personnes qui auront signifié leur intention de participer aux délibérations du 
Congrès. 

Les cartes de membres seront délivrées à Washington, au Secrétariat du Congrès, 
contre le reçu du Trésorier, à partir du 19 août. 

Le Président, 

J. S. Newbebsy. 

Les Secrétaires, 

H. S. Williams, 
S. F. Emmons. 

L'imprimé ci -joint accompagnait chaque lettre: 

CiNQUi^.MB Congrès Géologique International. 

1. Je désire être inscrit comme membre du cinquième Congrès géologique interna- 

tional, et je remets ci-joint ma cotisation ($2.50). 

2. Il est })robable que j'assisterai [que je n'assisterai pas] en personne aux sessions 

du Congrès à Washington. 
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3. L«fi ph^nom^Des géologiques qui m'int^^rcssont le pins on les localit^^s qu'il me 
serait le pins agréable de visiter an conrs des excnrsious sont: [établir la 
liste par ordre de préférence] : 



Signature [nom et prénom] 
[ (inalité ] 
[ demeure ] 



M. S. F. EMMOifSy 

Secrétaire et T V éeorimr [prarieoire'] 

ISSOFat, Waehin^i^, D. C, ÉtaU-UniêétAw^érique. 

De peur que ces lettres, pour une canse quelconque, n'arrivassent 
pas à tous les géologues qui devaient les recevoir, la lettre suivante, 
adjointe aux circulaires, a été envoyée ^ux rédacteurs de trente-cinq 
des principaux journaux scientifiques du monde: 

Washington, le SO janvier, 1891. 
MoNsiKUB LE Rédacteur: 

Monsieur: J'ai l'honneur d'appeler votre attention snr la circulaire ci-Jointe con- 
cernant la prochaine réunion du Congrès géologique international, et Je vous prie 
de vouloir bien en communiquer le contenu à vos lecteurs, afin qne ceux d'entre eux 
qui ne l'auraient pas reçue et qui désireraient se faire inscrire comme membres, puis- 
sent envoyer leurs adresses au soussigné, qui s'empressera de leur remettre toutes 
les circulaires qui paraîtront concernant le Congrès. 

Agréez, Monsieur, l'assurance de ma haute considération, 

S. F. Emmons, 

Secrétaire* 

En outre la lettre suivante a été envoyé aux directeurs des grands 
services géologiques, aux secrétaires des sociétés géologiques et aux 
musées géologiques dans tous les pays du monde civilisé: 

SrcrI^tartat, Washington, SO janvier 1891, 
Monsieur: Nous avons l'honneur d'appeler votre attention sur la circulaire 
ci-jointe, concernant la prochaine réunion du Congrès géologique international, et 
nous vous prions de vouloir bien en porter le contenu à la connaissance du conseil 
et de membres de votre service (société ou Musée). 

Au nom du Comité d'organisation nous les invitons cordialement à prendre part 
aux séances du Congrès, ou à y envoyer des délégués, de manière à faire contributer 
leurs lumières et le fruit de leurs recherches à la solution des questions mises en dis- 
cussion. 

Le Comité espère que le but dans leqnel le Congrès a été organisé leur offrira assez 
d'intérêt pour les engager, si non à prendre part à la réunion et aux excursions qui 
la Suivront, du moins à se faire inscrire comme membres du Congrès, afin de recevoir 
le compte-rendu des discussions. 
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Le Comité fera tout son possible pour pourvoir au cou fort et au bîen-étre de ceux 
qui honoreront de leur prtf^sence cette réunion du Congrès. 

Veuillez agréer, Monsieur, l'assurance de nos sentiments les plus distingués^ 

H. S. Williams, 
S. F. Emmons, 

Secrétaires. 

Avec cette lettre il a été envoyé la Circulaire i et l'avertissement qui 
suit: 

On soumet, de la part des sous-comités, les avertissements préalables qui suivent. 
Les routes données pour les excursions ne sont qu' approximatives, et les chiffres de 
dépense pourront être réduits plus tard. 

Excursions lointaines: Ces excursions se feront sur des trains a " Pullman vestibule 
cars'' (wagon-lits), avec "hôtel car'* C wagon restaurant) attaché à chaque train, de 
manière que Ton vivra sur le train, indépendamment des hôtels. La dépense sur ces 
crains, tout compris, n'excédera pas dix dollars ($10) par jour et par personne. 

Première excursionj de BO jours, — De Washington an nord jusqu'à Niagara Falls. De 
Niagara Falls au nord-ouest, par les grands lacs, les villes de Chicago et St. Paul, 
les plaines de Dakota, aux geysers du Yellowstone Park. De Yellowstone Park, on 
ira au sud à travers le plaines de basalte de la vallée de "Snake River," à " Great 
Sait Lake City." En suite, tournant à Test, on traversera la chaîne du Wasatch, 
les plateaux du bassin du Colorado River, et les caRons des Montagnes Rocheuses 
jusqu'à la ville de Denver, d'où l'on peut retourner directement à Washington ou 
à New York. Ou bien : 

Deuxième e-xcursion, 12 jours déplus, — A Denver on peut organiser une excursion à 
nombre limité pour visiter les grands cations du Colorado River. On ira par chemin 
de fer à Flagstaff dans l' Arizona. De là il faut aller 80 milles (130 kilomètres) en 
wagon on à cheval, campant en route, pour arriver aux bords du Grand CaHon 
(Kaibab division). Les dépenses de cette partie de l'excursion pourront excéder $10 
par jour. 

Troisième excursion, de 6 à 10 jours. — Une excursion plus courte pourra se faire en 
allant do Niagara à l'est, descendant la rivière St. Laurent jusqu'à Québec, et 
retournant à New York par le lac Champlain et la rivière Hndson. De cette manière 
on traversera un pays classique pour les terrains paléozoîques et archéiqnes, et pour 
les phénomènes glaciaires anciens. 

Excursions courtes. — Il se fera pendant les sessions du Congrès des excursions à des 
endroits plus proches de W^ashiugton qui ne dureront qu'un ou deux jours. 

Logement. — La dépense journalière dans les hôtels et pensions de Washington 
variera entre $1.50 et $4.00 par jour et par personne. 

Vapeurs transatlantiques. — Les prix du passage (aller et retour) sur les vapenrs 
transatlantiques varient entre $100 et $175 par personne, suivant la location des 
cabines et la vitesse du vapeur. 

Enfin la lettre suivante a été adressée à tous les ministres de pays 
étrangers qui se trouvaient domiciliés à Washington: 

Washington, Fehruary 16, 1891, 
To , 



Envoy Extraordinary and Minister Plenipotentiary of 



Sir: The International Congress of Geologints, which was first convened at Paris 
in 1878, and bas siuce met îit Hologua (1881), Berlin (1885), and London (1888), wiU 
hold its next session in this city duriug the week commenciug August 26, 1891. 
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The primary object of this Congress is to oAtablisb among geolof^istA and geological 
organizatioDs uniforiii methods of geological nomenclature, crassification^ and 
oartography, whicb, by facilitating inutual compréhension of the résulta of 
geological research by différent nations, will tend to increase our knowledge of the 
structure and reëources of the earth. 

I bave the honor to request, on behalf of the committee of organization of tins 
Congress, that you will graeiously transmit to your Government an officiai notifica- 
tion of the meeting, that it may be made known to surh of its departments as may 
take interest in its labors. 

The committee will feel honored if your Governnicnt will designate a delegate or 
delegates, who sball participate in the délibérations of the Congress, and coutrib- 
Qte their knowledge and the resnlt of their researches toward the solution of the 
questions under discussion. 

I beg to inclose herewith a form of circular designed for individual geologists, 
which will explain more fully the détails of tlie meeting of the Congress. 
I bave the honor to be, sir, your most obedient servant, 

8. F. Emmons, 

Sécréta ry, 

A sa réunion du 1^ avril 1891, le Comité d'organiration a adopté le 
rapport du sous-eomité sur le programme scientifique (voir la Circulaire 
d'information ii, p. 10), et a chargé ce sous-comité d'inviter les géologue^ 
qui s'y intéressent spécialement à pré]>arer des couunuuicatiou sur les 
questions designées dans ce programme. 

A tous ceux qui avaient signifié leur intention de devenir membres 
du Congrès il a été expédiée la lettre suivante: 

CONGRÈS OÉOLOGIQUK INTERNATIONAL, CINQUIÈME SESSION, WASHINGTON, 1891. 

Circulaire d'information, ii.] 

Washington, le 1*^ juin, 1891, 

Monsieur: Le Comité d*organisation a Phonneur de vous donner les détails 
suivants sur la cimjuii'me session du Con^fS géologique international qui doit 
avoir lieu dans cette ville an mois d'août prochain : 

Lieu d'assemblée. — Les séances du C-(mgrès se tiendront dans les salles delà "Colum- 
bian Uuiversity'' au coin des rues 15"'** et H (quartier N. 0. de la >ille), dont Tusage 
a été gracieusement accordé par la faculté de l'université. On a réservé une grande 
palle de cours pour les séancc^s du Congrus, et plusieurs salles pour les réunions du 
Conseil, et pour l'exposition des cartes, des collections de roches et de minéraux. 
Un service spécial de postes, de télégraphe, et de commissionnaires sera organisé dans 
l'édifice pendant la semaine des séances, et il y aura un bureau d'information oh les 
membres pourront s'enrôler. Ceux qui arriveront avant le 26 août sont priés 
d'enregistrer leurs noms au Secrétariat, 1330 F street, pour recevoir leurs cartes de 
membres. 

Les séances de l' American Association for the Advancement of Science, et celles 
de la Société Géologique d'Amérique se tiendront dans le même bAtiment. 

programme journalier des diverses sI^ances. 

Du 19 an 22 août. — Réunions des diverses sections de l'American Association for 
the Advancement of Science. Les membres étrangers du Congrès ont été élus mem- 
bres associés honoraires de l'Association, ce qui leur donne le droit d'assister aux 
séances^ de prendre part aux excorsions géologiques et archéologiques dans les envi- 
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TOUS de WashiDgioD, et de profiter, snr les chemins de fer américains, des réductions 
de prix accordées aux membres de l'Association. 

Le 24 et le 26 août. — Séances de la Société Géologique d'Amérique. Les membres 
étranicers du. Congrès sont également invités à assister aux séances de cette société, 
à présenter des mémoires et à prendre part aux discussions. 

Du 26 août au 2 septembre. — Séances du Congrès Géologique IntematiimàL Les 
réunions du Conseil se tiendront à 10 heures du matin, et eelles du Congrès ordi- 
nairement à 11 heures et à 2 heures et demi. Le soir il y aura des réceptions pour 
les membres du Congrès par les sociétés scientifiques et divers partiouliers^ eit des 
excursions sur la rivière Potomac. La séance de samedi aura lieu de mellleaze heure, 
afin qu'on puisse faire des excursions géologiques dans l'après-midi, qui pourront 
être continuées le dimanche par ceux qui le désireront. Des programmes détaillés 
seront distribués à l'ouverture du Congrès. Les excursions lointaines commenceront 
le mercredi 2 septembre. 

PROGRAMME SCnSNnFIQUB. 

Le Comité d'organisation propose comme sujets de discussion pour ce Congrès, 
outre ceux qui lui ont été laissés par le dernier Congrès, tels que rapports de comi- 
tés, etc., les thèmes suivants: 

I. La corrélation chronologique des roches élastiques. 

V*, Corrélation d'après données structurales, ou tectoniques, soit: 
a. par données stratigraphiques. 
h. par données lithologiques. 
0. par données physiographiques. 
29, Corrélatiou d'après données paléontologiqnes, soit: 

de plantes fossiles, ( a. de fossiles marins. 



( a. de plantes fossiles, ( a. 

{ ou^ 

f b. d'animaux fossiles, f h. 



de fossiles terrestres. 
II. Les gammes de coloriage générales, et autres procédés graphiciues. 
III. La classification génétique des roches pléistocènes ou quaternaires. 

TRAJET. 

Par l'intermédiare de MM. Thomas Cook et fils, le comité s'est arrangé avec eer- 
tai lies compagnies transatlantiques pour des billets à prix réduit. Le prix du passage 
varie snr chaque paquebot suivant la situation des cabines et le nombre des per- 
sonnes (^ui les occupent. Ainsi les prix cités plus bas sont fixés pour l'installation 
ordinaire, et pour deux personnes dans une seule cabine. Ceux qui désireront une 
installation supérieure devront payer un supplément de prix. 

Les prix fixés à moins de $100, aller et retour, sont accordés à condition que vingt 
membres ou plus s'embarquent sur un m^me vapeur. Pour obtenir les prix les plus 
bas, les membres sont priés de s'adresser le plus tôt possible à MM. Thos. Cook & 
Son (Ludgate Circus, Londres, Angleterre), et d'indiquer, dans l'ordre de préférence, 
ceux des bîvteaux énumérés plus loin qu'ils voudraient prendre, et le genre d'installa- 
tion qu'ils désirent, en spécifiant s'ils veulent des cabines intérieures ou extérieures, 
à une, deux, ou trois personnes. Les membres qui se connaissent feront bien de 
demander d'avance à occuper une cabine ensemble. Les billets de retour sont valables 
pendant six mois. Les membres se serviront du reçu du Trésorier du Congrès pour se 
faire reconnaître des agents des paipiebots. 

Les billets de Londres à Boulogne, pour ceux qui s'embarqueront sur les paquebots 
Netherlands-Anicrican, sont fixés à $3. 

Sur les chemins de fer américains le billet de New York èk Washington coûte $6.50, 
de Philadelphie $4, de Baltimore $1.20. 



à 

1 
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Lm membres dn Congria, qnî sont en même temps membreB de l'Ameiicon Asso- 
ciation for the Advancement of Scienre, ont droit à udo réduction d'au tiers sur les 
prix régnllera, s'ils retoarneut au même endroit. Four obtenir cette léductiou, 
faut demander au bureau du chemin de fer, en prenant le billet, un reçu de la forme 
déaign^e pour les membres do l'Association. En quittant WaatiingtoD, celui qui 
poesèdera un tel reçu obtiendra, en le pi^sentaDt avec sa carte de membre de l'Asso> 
eiation, on billet de retour au tiers du prix ordinaire. 

uOtxlb zt pensions. 

On a obtenu pour les membres du Congrus des prix spécianx dans les hôtels sol- 
Tkuts, qui sout tous à cinq minutes on moins île lu " Culumbiai; Unirersity": 
Jrlingto» BoUl (rendez-vouB général).— Dana Vermoat aieune, entre les rues H et ^ 

I (& l'ouest de la 15*°*). Système américain. Prix ordioDire $6 par jour, et plus, 

suivant l'installation. On accordera aux membres du Congrès one réduction d'un . 

tiers sur ces prix. * 

Tke Amo. — Seizième roe, entre les mes I et E. Système européen. Pour les i 

membres du Congrès, $1 1» chambre, y compris l'usnge des bains de l'bAtel. Baig- 
noires privées, 91 extra par jour. Restaurant et aafé A l'hAtel. 

Ebbitt iToMe.— Au coin des rues F et li"", près du liureau Géolojfique des Ëtats- ^ 

Unis. Système américain. Prix ordinaire $4 par jour. Pour les membres du Con- 
grès, tS.SO par Jour, et tl extra pour nue cbambre avec baignoire. 

n« BlwMert. — Hue H, entre I4'"° et IS*"'. Pension privée. Cbambre et pension 
pour les membres du Congrès i^ $10.50 par semaine pendant les réunions. 

Ou a fait des arrangements pour obtenir dans des maisons meublées des appari«- 
ments ponr ceux qui )e désirent. On peut s'adresser dans cebntiM. Arnold Hagne, 

président du Comité d'entretiou, 1330 F Street, eu indiquant le nombre et la qualité - ^ 

des chambres que l'on désire. 

EXCURSIONS. -^ 

La grande excursion sera faite an moyen de trains spéciaux, portant 75 personnes ^ 

ebacun, et pourvus pour le confort des voyageurs de tons les perfectionnements, tels , 

qne des chambres & coucber et cabinets de toilette, salles à manger, baignoires, 
anlons de coiffure et fumoirs. Le train constituera un hAtel en mouvement, oh l'on 
pourra, à toute heure, circuler libreibent et sans diinger d'une extrémité à l'autre 

II ira là ou les rails ont été posi^s dans les régiuna à visiter, et il s'arrfitera quand on 

le désirera, quelque soit l'endroit. L'exonrsion, telle qu'elle est projetée maintenant, ■ 

durera 25 jouis, et elle coûtera $265 par personne, ce qui couvrira toutes les dépenses • 

oécessaires. La route tracée, qui sera donnée en détail dans une autre circulaire, l 

convre 13 degrés de latitude et 39 degrés de longitude, et elle permet au voyageur de 

voir les plus beaux paysages et les phénomènes géologiques les plus importants des t ft 

£tats de l'Est, de la vallée du Missisaipi et de la région des Montagnes Rocheuses, 

où l'on passera une semaine parmi les merveilles du Yellowstone Park. ' I 

Trois excuraiona plus courtes ont été propoaéea. Des géologues américains con- 
naissant les régions sont prêts & conduire des groupes de voyageurs. Si un nombre 
BuEBsaut de membres s'engagent à prendre part à ces excursions, on pourra obtenir 
de la part des chemins de fer des concessious pont réduire à un minimum les &ais de 
voyage. 

(1) A travers 1a région appalachienne du sud, pour examiner les plia des roches 
paléozolques, comprimés d'un fa(Ou tonte spéciale, et ponr visiter les mines récem- 
ment onverten Ah houille, de fer, de manganèse, d'étain et d'or. 

(2) Aux régions enprifcres et ferrifi-res du lac Supérieur, pour 
développement* des locbes pré-oambriennes on algonkiennes. 



J 
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(3) A travers les régions houillères et piftrolifères de Pensylvanie ans chutes du 
Niagara, puis par la rivi^re St.-Laurent jusqu'à Montréal et à Québec, pour retourner 
en traversant les régions classiques paléozoîquos et taconiques de New York et de 
Vermont. 

Les membres qui délireraient examiner des localités ou des horizons géologiques 

spéciaux sont priés de communiquer leurs désirs aux secrétaires le plus tôt possible. 

On ne négligera rien pour les contenter. Une courte excursion a déjà été projetée 

par M. le professeur H. S. Williams pour la semaine avant la réunion du Congrès. 

Cette excursion permettra aux géolojj^ues de voir le développement typique des 

couches paléozoîques (surtout du Dévonien) de TËtat de New York. Un nombre 

considérable de géologues européens ont déjà signifié leur désir d'y prendre part. 

Le rrésident du Comité â^ Organisation, 

J. S. Newberrt. 

Les Secrétaires généraux, 

U. S. Williams, 

8. F. Kmmons. 
Tontes les correspondances doivent s'adresser à 

S. F. Emmons, 

ISSO F Street, Washington, D. C. 

Au mois de juin, aussitôt qu'on a pu savoir à peu près le nombre de 
participants à l'excursion aux Montagnes Roclieuses, la circulaire ci- 
jointe, imprimée sur la carte des États-Unis (voir p. 255), avec désigna- 
tion de la route qui serait suivi par l'excursion, a été exi>édiéeà tous les 
membres du Congrès. 

EXCURSION AUX MONTAGNES ROCHEUSES DU CONGRÈS GÉOLOGIQUE INTERNATIONAL. 

Circulaire d'information m.] 

Washington, D. C, 15 juin 1891. 

Aprt»s la clôture du Congr^8 une excursion partira de Washington pour visiter le 
** Yellowstone Park^' et autres points int<^re.8sants au point de vue géologique dans les 
États de TOuost. Kilo se fera sur un train spi^cial dont la marche sera indépendante 
des trains ordinaires; ce train passera d'une li«jcne de chemin de fer à une autre sans 
que les voyageurs aient a se déranger; ils y seront absolument chez eux pendant la 
principale partie du voyage. Ce train sera composé de wagons-lits (Pullman vesti- 
bule cars), d'un wagon-restaurant et d'un wagon composé de salles de lecture, fumoir, 
baignoire et salon de coiffure, arraug^^s de manière que les voyageurs puissent passer 
d'un wagon h l'autre par des passages couverts et sans danger. Un conducteur ex- 
périmenté aocouipaguera le train pour veiller au c(mfort des voyageurs. Des géo- 
logues qui ont étudié les régions que l'on visitera expliqueront les phénomènes 
géologiques. 

Le train parcourra près de dix mille kilomètres, et 39 degrés de longitude. Il 
traversera une vingtaine d'états et territoires des États-Unis, et une des provinces 
du Canada. La route qui sera suivie par l'excursion principale et celles des excur- 
sions 8upi)lémentaires sont tracées en rouge sur la carte qui se trouve sur le revers de 
cette feuille; les itinéraires suivants en donnent des réHumés: 

ITINÉRAIRE PRINCIPAL. 

t «cpfcmbre.— Départ de Wasliingtnn à 9 heures du matin. Pendant la journée on 
traversera la chaîne des Apalaches, en vue des i)li8 isoclinaux caractéristiques de ces 
montagnes. 
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S êcptemhre, — A l'ouest à travers les États d*Ohio, Indiana et Illinois jnsqn'à la 
ville de Chicago, et de là au nord-ouest dans TEtat de Wisconsin. La r<5gion des 
*' prairies/' des plaines ondulantes compos^^es de terrains dil^voniens et siluriens 
couverts de drift glaciaire do types divers. On verra la "kettle moraine/' nue 
moraine de rétrocession de l'ancienne nnppe glaciaire. 

4 septembre. — Dans FËtat de Minnesota, sur les bords du Mississipi. Roches 
siluriennes et cambriennes, et drift glaciaire. Le lac Pépin, canal d'écoulement 
pleistocène de l'ancien lac Agassiz. Arrêt de six heures pour visiter les villes 
jumelles de Minneapolis et St.-Paul. Ceux qui le préfèrent pourront visiter, sous la 
conduite du Prof. N. H. Winchell, les chutes de St. Antoine, la gorge du Mississipi et 
la vallée de la rivière Minnesota, qui ensemble servent à mesurer l'âge de l'époque 
glaciaire. 

5 septembre. — A l'ouest dans le Dakota et le Montana, à travers les coteaux du 
Missonri et les ^'Great Plains," composées de terrains crétacés et tertiaires hori- 
zontaux. On verra une partie des ''Mauvaises Terres." La rivière Missonri sera 
traversée à Bismarck. 

6 septembre. — A Cinnabar, sur la rivière Yellowstone, on quittera le train et on 
prendrades voitures pour le '^Manimoth Hot Springs^dans le Yellowstone National 
Park, à nne distance de 11 kilouiètres. Dans l'après-midi on visitera à pied les 
sources thermales, les lacs chauds et les terrasses de tuf calcaire dans le volsnage de 
l'hAtel. 

7 à 12 septembre. — On passera ces six jours dans le Parc, voyageant en voiture d'un 
endroit à un autre, et pnssant la nuit a l'hAtol îi ^'Norris Geyser basin," à ''Lower 
Geyser basin," à "Yellowstone CaHon " et à "Yellowstone Lake." MM. Arnold 
Hague et Jos. P. Iddings serviront de guides géologues pour les phénomènes du 
Parc. Des hôtels, on visitera à pied des objets d'intérêt dans le voisinage, tels que 
les Geysers diver», Old Faithful, Giant, Ëxcelsior, etc., les chutes du Yellowstone, 
les volcans de boue et les falaises d'obsidienne. Il y aura une excursion sur le lao 
Yellowstone (45 kilom. de long) en bateau à vapeur. 

13 septembre. — Reprenant le train on ira à l'ouest aux sources de la rivière Missouri, 
passant en revue des terrains paléezoïipies, algonkiens et archéens. De là on 
arrivera aux eaux qui descendent à l'océan Pacifique par les rivières Snake et 
Colnmbia. Dans l'après-midi on s'arrèt«ra pendant quelques heures à la ville 
minière de Butte, oîi il y a des mines de cuivre et d'argent dans le granit érnptif, 
dont le produit en 1890 a été évalué à plus de vingt-six millions de dollars. Mr. S. 
F. Emmons servira de guide pour ceux qui désireront visitor les mines. 

14 septembre. — Au sud dans l'Idaho et l'Utah, jusqu'à Sait Lake City. Le matin 
on côtoiera les marges des grandes plaines de lave de la vallée de la rivière Snake. 
Des coulées récentes se voient dans les vallées entre des collines de roches mésozoîqucs 
et paléozoîques. Ceux qui voudront visiter les grandes chutes de la rivière Snake 
(Shoehone Falls) quitteront le train spécial à Pocatello le matin, pour le rejoindre 
deux jours plus tard à Sait Lake City. De la vallée de Snake River on passera dans 
le bassin intérieur du Grand Lac Salé, sans montée appréciable. Ou peut suivre les 
plages de son prédécesseur pléistocène, le lac Bonnoville, sur les versants des mon- 
tagnes qui l'entouraient. Ou s'arrêtera au canal d'écoulement de ce lac dans la vallée 
du Snake River. Dans l'après-midi on côtoiera les rives est du Grand Lac Salé, et 
les côtes ouest de la chaîne Wahsatch. 

15 et 16 septembre. — ^A Sait Lake City et dans les environs. Le Temple, le Taber- 
nacle et autres institutions des Mormons. Mr. G. K. Gilbert guidera des excursions 
à l'entrée de Little Cottonwood Cafion, dans les montagnes Wahsatch, et à Garileld 
Landing à l'extrémité sud du lac. pour examiner les moraines et les failles d'âge 
pléistocène, et les plages du lac Bonneville. A Garfield on pourra prendre des bains 
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de mer dans le Lac Salé, doDt les eaox sont si denses que Fon flotte à la surface sans 
effort. 

n septembre. — An nnd dans les vallées du Lac Salé, du lac Utah à eau douce, par 
les villages de Mormons, et les canaux d^rrigation au moyen desquels on cultive la 
terre dans ces régions arides. Au sad-est par une gorge qui traverse la chaîne Wah- 
satch, oiiTon voit des coupes géologiques montant du PaléozoTque jnsqu'au Tertiaire. 
Puis à Test dans la région des Plateaux dont les eaux s'écoulent dans la rivière Colo- 
rado. On traversera la rivière dans Taprès-midi, le long d'une vallée monoclinale, 
bordé au nord par un escarpement imposant de couches crétacées et tertiaires, les 
"Book Cliffs." 

18 septembre, — On passera de la région des Plateaux à coaches horizontales dans 
celle des Montagnes Rocheuses, oh les couches sont recourbées, plissées, rejetéee par 
des failles et pénétrées de roches éruptives de types divers. Dans cette région MM. 
Emmons et Cross expliqueront les phénomènes géologiques. Le matin on suivra 
la gorge de la rivière ''Grand,'' à travers les terrains tertiaires et les couches à 
houille du Crétacéjusqn'à Glenwood Springs, oîi Ton se trouvera dans les. roches 
pàléozîqncs, et en vue des massifs dioritiques des " Elk Mountains." Arrêt de 
quelques heures pour prendre des bains thermaux, on faire des excursions géolo- 
giques à pied. De Glenwood on montera les vallées des rivières Grand et Eagle, à 
travers les plis anticlinaux et synclinaux dans les roches mésozoîques et paléozo- 
îques, jusqu'à Tennessee Pass (3,250 mètres d'altitude), où Ton passera des eaux 
Pacifiques aux eaux Atlantiques. On arrivera dans l'après-midi à Leadville, la plus 
grande ville minière du Colorado, dont le produit en argent et en plomb s'élève à 
plus de $150,000,000. Arrêt de quelques heures pour visiter les mines. 

19 septembre. — Descente au sud le long de la grande vallée de la rivière Arkansas; 
à droite la chaîne des Sawatch dont les crêtes sont élevées de plus de 4,300 mètres 
an dessus du niveau de la mer. Puis à Test par une série de gorges dansTArchéen, le 
PaléozoTque et le Mésozoîque, dont la dernière, la " Royal Gorge," a une profondeur de 
1,000 mètres, avant que la rivière débouche sur les plaines à CaQon City. Arrêt 
pour voir les ** Hog-haek Ridges," des arêtes monoclinales de couches mésozoîques 
et paléozoïqnes, et les gisements de poissons siluriens. A Pueblo, sur les plaines à 
l'est des montagnes, grandes usines de plomb et de fer. De lÀ an nord, en longeant 
les flancs des Montagnes Rocheuses. On s'arrêtera la nuit à Manitou Springs, un 
recoin des montagnes, près de Pikes Peak. 

SO septembre. — A Manitou Springs. On pourra faire des excursions au "Jardin des 
Dieux," à des cavernes en couches calcaires, et au sommet de Pikes Peak (4,312 m.) 
a pied, à cheval, ou en chemin de fer. Dans la nuit le train ira à Deuver. 

gl septembre, — A Denver. Ville capitale du Colorado, avec 130,000 habitants, quoi- 
que fondée en 1860. En pleine vue des Montagnes Rocheuses, dont une étendue 
longitudinale de 240 kilomètres est visible avec un ciel serein. Ceux qui voudront 
s'arrêter plus longtemps dans les montagnes, pourront quitter le train spécial et 
revenir plus tard par les trains ordinaires. 

2S septembre, — A l'est dans les États du Kansas et du Missouri, en traversant une 
seconde fois les Grandes Plaines. 

SS septembre. — A l'est sur les "prairies" de l'Illinois, à travers le canal d'écoule- 
ment pléistocène du lac Micbigau. Vingt-quatre heures à Chicago, ville de 1,100,000 
habitants, fondée en 1837. 

S4 septembre. — Départ de Chicago à 3 heures de l'après-midi. A travers l'Illinois, 
l'Indiana et le Michigan. Pays plat, couvert de drift glaciaire. 

25 septembre. — A l'est dans la province d'Ontario, Canada. Une plaine ondulante 
de drift, reposant sur des coucher siluriennes. Plages modernes et pléistocènes du 
lac Ontario. Arrivée aux chutes du Niagara avant midi, départ dans la nuit. 
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26 septembre. — ^An and dans la vallée de la rivière Iludson le matin, arrivant à New 
York avant midi. Vues des monts Catskill, do la gorged ans les '' Highlands'' et des 
"Palisades^' (falaises de diabase). 

EOUTE SUPPLÉMENTAIRE À 6H08HONE FALLS. 

Pour faire cette excnrsion spéciale, on quittera lo corps principal des voyageurs à 
Pocatello de bonne heure le 14 septembre et on le regagnera à Sait Lake City dans 
Taprès-midi du 16 septembre. 

14 eeptemhre. — DePocatello à Shoshone par chemin de fer: de Shoshone à Shoshone 
Falls en voiture, le trajet étant entièrement à travers la plaine de lave de la vallée 
de la rivière Snake. A Shoshone Falls la rivière fait une chute de 65 mètres dans 
une gorge profonde, creusée à travers des coulées de laves basaltiques et andésitiqucs. 

15 septembre. — A Shoshone Falls. Dans l'après-midi on ira à Shoshone en voiture. 

16 septembre. — ^De Shoshone à Pocatello et de là à Sait Lake City sur la ligne du 
corps principal. 

ROUTE SUPPLÉMENTAIRE AU GRANDE CASON DU COLORADO. 

On quittera le corps principal à Pueblo, Colorado, le soir du 19 septembre; on 
voyagera par chemin de fer (1,180 kilom.) h Flagstaff, Arizona; de là deux jours en 
voiture (120 kilom.) au Grand Cation, et on reviendra à Flagstaff et à Pueblo par 
la même route. Cette excursion prendra dix jours à peu près, mais les arrangements 
ne sont pas encore assez avancés pour qu'on puisse en annoncer Titinéraire. Revenus 
à Pueblo, les excursionistes continueront leur voyage vers Test sur la route du corps 
principal, mais à une date plus avancée, et par les trains ordinaires. 

De Pueblo la route serpente parmi les plaines crétacées à Test des montagnes. A 
Trinidady des mines de houilles dans le Crétacé, couverts de coulée de laves basal- 
tiques. Au delà des thermaux de Ln8 Vegas la route contourne l'extrémité sud des 
Montagnes Rocheuses, en allant à Albnquerque dans la vallée du Rio Grande. D'Al- 
buquerque à Flagstaff on va à Touest à travers une partie de la Région des Plateaux, 
où les roches varient en ûge du Carbonifère au Crétacé. Le plateau est accidenté 
de falaises, de mesas et de buttes, de deux grands volcans éteints, Mt. Taylor et Mt. 
San Francisco, et de nombreuses cheminées et cônes mineurs. Les couches présent- 
ent plusieurs flexures, typi<iues du plateau. De Flagstaff 'au Grand Cafion la route 
suit la base du Mt. San l^^anciscp, passe parmi des cônes de cendres basaltiques, et 
ensuite elle traverse une plaine de couches carl)onifères jusqu'au bord du cafion. A 
ce point le cafion a une profondeur de 1,830 mètres, et ses murs sont finement sculptée 
en alcôves, arcs-boutants, tours et minarets. Le point de vue est vis-à-vis de celui 
d'où forent esquissées les illustrations du mémoire du capitaine C. E. Dutton sur le 
cafion. 

On s'arrangera pour s'arrêter ou à Santa Fé ou à Albnquerque, villes mexicaines 
de la vallée du Rio Grande, et à un ou plusieurs des pueblos indiens. Les voyageurs 
seront guidés par le major J. W. Powell. 

DÉPENSES. 

Le prix des billets pour la route principale sera de $265, somme qui couvrira les 
frais du chemin de fer, des voitures au Yellowstone Park, du logement et de la pen- 
Bion sur le train et aux hôtels. 

Les frais de l'excursion supplémentaire à Shoshone Falls seront do $15 environ. 
L'état des arrangements ne permet pas encore de fixer une somme plus exacte. 

Les frais de Texcursion supplémentaire an Grand Cafion n'ont pas encore été 
déterminés définitivement. Un arrangement provisoire indique qu'ils atteindront la 
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somme d<t $100, mais on a des raisons de croire qn*il sera possible d'obtenir deb termes 
plus favorables. 

Comme les arrangements définitifs dépendront en partie da nombre des voya- 
geurs à transporter, ceux qui pensent y prendre part sont priés de communiquer leur 
intention à 

S. F. Emmons, 
Secrétaire dn Comité éTOrganiiation, Congrh Géologique International, 

Waêhington, D, C. 

Enfin, à son arrivée dans la ville de Washington, chaque membre du 
Congrès a reçu la circulaire suivante: 

Circulaire d'information v.] 

Washington, 91 ooâf 1891. 

Monsieur: Le Comité d'organisation a l'honneur de soumettre ce qui suit pour 1ô 
renseignement des membres du cinquième Congrès géologique international qui 
se trouvent dans cette ville. 

Les réunions m* tiendront dans le local du '' Columbian University," au coin des 
rues 15™' et H. I^ président et les directeurs de l'université ont eu la gracieuseté 
de placer plusieurs salles à la disposition du Congrès pour ses réunions et celles de 
son conseil. Dans le local on trouvera des salles pour Texposition «les cartes et des 
minéraux et roches, pour l^écriture et pour l'entretien général. Il y aura un bureau 
dMnformation. aussi bien que des services spéciaux de poste, de télégraphe et des 
commissionnaires, dont la disposition sera indiquée par des plaçants à rentrée. Les 
bureaux du Secrétaire et du Trésorier s'y trouveront également à partir du 22 aoAt, 
et messieurs les membres sont priés d'y enregistrer leurs noms et adresses. Toutes 
les lettres pour les membres du Congrès se trouveront dans le bureau de poste 
spécial. 

On peut se procurer de M. Arnold Hague, président du comité d'entretien, les 
renseignements sur les hôtels, les médailles, les guides, etc. : de M. W. H. Dali, 
présidt^nt du comité des siiUes, ceux sur l'exposition des cartes, échantillonu, etc. 
On devra consulter M. Bailey Willis pour avoir des renseignements sur les excur- 
sions courtes. Un agent de MM. Kayniond et Whitcomb distribuera les billets pour 
l'excursion aux Moutagnes Rocheuses à partir du 26 août. Un guide géologique 
pour cette excursion est à l'imprimerie et sera distribua dans quelque jours. Le 
Guide géologique de Mncfarlane, sur les chemins de fer américains, sera en vente à 
un prix réduit spécial pour les membres du Congrès. 

Le Secrétaire, 
8. F. Emmons. 
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Ceux d'entre les membres du conseil du Cong^^s précédent (Londres, 
1888) qui se trouvaient à Washington se réunirent dans la salle du 
conseil le mercredi 26 août à 10 heures du matin, et délibérèrent des 
recommandations faites par le Comité d'organisation au sujet: 1®, de 
la composition du bureau; 2*», de la langue dont on peut se servir 
dans les discussions; 3<», de l'ordre du jour. 

Le bureau fut choisi tel qu'il fut ensuite soumis au Congrès (p. 52). 
La question de la langue a soulevé des discussions, quelques membres 
étiint d'opinion que les trois langues, allemande, anglaise, et française, 
devaient être au même rang dans les discussions. On s'est accordé 
finalement sur la résolution suivante : 

Le Conseil recommande au Congrès que le français continue à C'tre la langue offi- 
cielle du Cdbgrès. Toutefois, dans la réunion de Washington, l'anglais sera accepté 
concurremment avec le français. Le volume sera publié en français. 

Cette résolution a été interjîrétée de manière à admettre que les pro- 
cès-verbaux préliminaires puissent être dressés en anglais d'abord, 
pour être traduits en français pour la publication définitive; que sur 
demande les délibérations sur des questions scientifiques, faites dans 
une langue autre que le Avançais, dussent être traduites aussitôt en fran- 
çais. 

En outre il a été décidé d'adoirter la succession suivante dans les 
discussions scientifiques : 

1". Classification des roches pléistocènes. 

2«. Corrélation chronologique des roches élastiques, 

3®. Coloriage des cartes géologiques. 

Enfin on arrêta l'ordre du jour suivant : 



PROGRAMME. 
MERCREDI, 26 AOÛT. 

A 10 heures du matin : Réunion du Conseil. 

A 2 heures et demi de l'après-midi: Ouverture du Congrès. Élection des 
membres du bureau. Discours du Ministre do l'Intérieur, du Pré8ident du Congrès 
et du Préaident du comité local. 

A 9 heures du soir : Réception dans la grande salle de l'hôtel Arlington par la 
Société Géologique d'Amérique. 

JEUDI, 27 AOÛT. 

A 10 heures du matin: Réunion du Conseil. 

A 11 heures du matin et à 2 heures et demi de l'après-midi : Séances du Congrès. 
A 10 heures du soir: Réception par M. et Mme. S. F, Emmons, 1725 H street, et 
par M. ThoB. Wilson, 1218 Connnecticut avenue, 
451 GE 2 
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VENDREDI, 28 AOÛT. 

A 10 heures du matin : R<^union du Conseil. 

A 11 heureH du matin et à 2 heures et demi du raprès-uiidi : Séances du Congrès. 

Le soir: Le Musée national sera ouvert pour rinspoction des membres du Congrès. 

SAMEDI, 29 AOÛT. 

A 10 heures du matin : Séance du Congrès. 

A 2 heures et demi de Taprès midi : Excursion sur la rivière Potomac à Mount 
yemon, le résidence de Washington. Promenades en voiture autour de la ville. 
A 5 heures : réception par le ministre du royaume de Korée et Mme. Ye. 

DIMANCHE, 30 AOÛT. 

A 8 heures du matin : Excursion géologique sur la rivière Potomac en batean à 
vapeur, pour voir les terrains tertiaires de la plaine côtière. 

LUNDI, 31 AOÛT. 

A 10 heures du matin : Réunion du Conseil. 
A 11 heures du matin: Séance du Congrès. 

A 9 hères du soir : Réception au local du U. S. Geological Survey, 1330 F street, 
par le Directeur et les géologues du Survey. 

MARDI, 1" SEPTEMBRE. 

A 10 heures du matin : Réunion du Conseil. 
A 11 heures du matin : Séance de clôture du Congrès. 

Le soir : Excursion en bateau à vapeur, fourni par le Comité d'organisation, et 
dîner ii Marshall Ilall, sur les bords du Potomac. 

MERCREDI, 2 SEPTEMBRE. 
Départ des excursioun g(^ologi<[uo8. 
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Voici ensuite la composition des bureaux successifs du Congres: — 

A.— Comité fondateur, 

formé à la saite de l'Exposition de Philadelphie en 1876 pour l'organisation à Paris, 
en 1878, d'un Congrès géologique international. 

Président. 
M. James HaLL, à Albany (Etats-Unis). 

Secrétaire, 
M. T. Sterry Hont, à Montréal (Canada). 

Memhreê du comité, 

MM. William B. Roorrs, J. W. Dawson, J. S. Newberry, C.H. Hitchcock, R. 
PuMPKLLY, J. p. Lrsley (États-Uuiset Canada) ; T. H. Huxley, à Londres (Angle- 
terre) ; Otto Torell, à- Stockholm (Saède) ; £. H. de Baumhauer, Haarlem (Hol- 
lande). 



B.— Bureau du Premier Congrès, Paris, 1878. 

PréBident. 
M. Hébert, membre de l'Institut, professeur à la Sorbonne. 

Vice- Présidente, 



Angleterre, M. Davidson. 



I 



Australie, M. Liversidge. 

Belgique, M. de Koninck. 

Canada, M. T. Sterry Hunt. 

Danemark, M. Johnstrup. 

lilspagne, M. Vilanova. 

Etats-Unis, MM. J. Hall et J. P. Lesley. Suède et Norvège, M. O. ToRELL. 

France, MM. Daubréb et A. Gaudry. Suisse, M. A. Favrb. 



Hongrie, M. von Szabô. 



Italie, M. Capelijni. 
Pays-Bas, M. de Baumhauer. 
Portugal, M. le colonel Rireiro. 
Roumanie, M. Stefanescu. 
Russie, M. de Moeller. 



Secrétaire général. 
M. Jannettaz. 

Secrétaires, 
HM. Brocchi, Delaire, Sauvage, Vélain. 

Trésorier, 
M. A. BioCHB. 
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C— Bureau du Second Congrès, Bologne, 1881. 

Président d* honneur, 
M. Q. Sella. 

Président, 
M. J. Caprllini. 

Ancien Président, 
M. £. Hébert. 



Vice-Présiden ts. 



Autriche, M. Mojsisovics. 
Bavi^^e, M. von Zittel. 
Belgi(iae, M. Dewalque. 
Canada, M. T. Sterry Hunt. 
Danemark, M. W. Schmidt. 
Espagne, M. Vilanova. . 
Ëtats-UniB, M. J. Hall. 
France, M. Daubrée. 
Grande Bretagne, M. Hugues. 



Hongrie, M. von Szabô. 

Indes, M. Blanpord. 

Italie, MM. Meneguini, et de Zigno. 

Portugal, M. Delgado. 

Prusse, M. Bkyrich. 

Roumanie, M. Stefanescu 

Russie, M. de Moeller. 

Suède, M. O. TORELL. 

Suisse, M. Renevieb. 



Secrétaire général. 

M. F. GlORDANO. 

Secrétaires. 

MM. J. G. Boknemann, Delairk, Foxtannes, Pilar, Taramelli, Toplet, 

UZIELLI, et Zbzi. 

Trésorier. 

M. SCARABELLI GOMMI FlAMINI. 



D.— Bureau du Troisième Congrès, Berlin, 1885. 

Président d^honneur. 
Son Excellence M. le docteur von Dechen. 

Ancien Président, 
H. Capellini. 



PréHdent, 
M. Beykicb. 
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Vice- Présidents. 



Allemagne, MM. Credner. Fraas, 

VON GUEMBEL. 

Auiriclie, M. 8tur. 
Belgique, M. Dewalque. 
Danemark, M. Johnstrup. 
Espagne, M. Vilanova. 
États-Unis, M. James Haix. 
France, M. Jacquot. 
Grande Bretagne, M. Hughes. 
Hongrie, M. vON Szab6. 



et 



Indes, M. Blanford. 
Italie, M. dk Zigno. 
Norvège, M. Kjekulp. 
Pays-Bas, M. van Calker. 
Portugal, M. Choffat. 
Roumanie, M. Stkfanrscu 
Russie, M. Inostranzeff. 
Saède, M. Torkll. 
Suisse, M. Renevier. 



Secrétaire général. 
M. Hauchkcorne. 

Secrétaires, 
MM. Bornemann p^^e, Fontannes, Fornasini, et Wahnschaffb. 

Trésorier, 
M. Bbrendt. 



Membres du conseil. 



M. Beneckb. 
M. Dupont. 

M. £WALD. 

M. Frazer. 
M. Gaudry. 
M. Geikie. 

M. GlORDANO. 

M. VON Hantkkn. 
H. DE Lapparent. 
M. Lepsius. 
H. Maysr-ëymar. 



M. VON MOJ8I8OVIC8. 

M. Neumayr. 
M. Newberry. 

M. PiLAR. 

M. VON RICHTHOFEN. 

M. StrOver. 
M. Taramelu. 

M. TOPLEY. 

M. Williams (H. 8.) 

M. VON ZiTTEL. 



E.— Bureau du Quatrième Congrès, Londres, 1888. 

Président d^ honneur. 
M. T. H. Huxley. 



Ancien Présidents. 
MM. E. HÉBERT, 1878; G. Capellini, 1881; E. Beyrich, 1885. 

Président. 
M. J. Prestwich. 
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Vioe-PréHdentê, 



Allemagne, M. K. vox Zittrl. 
Australie, M. F. Liveksidgk. 
Autriche, M. M. Nriimayr. 
Belgique, M. G. Dkwalqub. 
Canada, M. T. Stbrry Hunt. 
Danemark, M. M. Johnstrup. 
Espagne, M. J. Vilànova-y-Pirra. 
États-Unis, M. P. Fkazer. 
France, M. A. dk Lapparrxt. 
Grande Bretagne, MM. W. 
FOKDy A. Geikie, et T. McK. 



T. Blan- 

HUGHES. 



Hongrie, M. J. von Szabô. 
Indes, M. H. B. Medlicott, 
Italie, M. F. GiORDANO. 
Norvège, M. H. Reusch. 
Pays-Bas, M. K. Martin. 
Portugal, M. J. F. N. Delgado. 
Roumanie, M. G. Stefanescu. 
Russie, M. A. Inostranzeff. 
Su^de, M. O. ToRELL. 
Suisse, M. £. Renevieil 



Secrétaires généraux, 
MM. J. W. HuLKE, et W. Toplbt. 

Seoréiairee, 

MM. Ch. Barrois, C. Fornasini, O. le Neve Foster, C. Gottsche, A. Renabd, 

et G. H. Williams. 

Trésorier, 
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t Hantkkn, Max von, Professor an der Universitat, VI Eôtvos-nteza 9, Bndapest, 

Ungam. 
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Cambridge, Cambridge, EDgland. 
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• Harris, George F., Esq., F. G. S., 20 Craster Road, Brixton Hill, London, S. W. 
*Harris, Gilbert D., assistant paleontologist, U. S. geological survey, Washington, 
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• Harris, Thaddeus William, instmctor in geology, Harvard University, Cam- 

bridge, Massachusetts. 
*Hatcher, J. B., u. s. geological snrvey, Lone Fine, Nebraska. Princeton, New 
Jersey. 
Hauchecorne, Wilhelm, Dr. Phil., Geh. Bergrath, Director der k. prenssischen 
geologischen Landes- Anstalt nnd Bergakademie, 44 Invalidenstrasse, Berlin. 

• Ha Y, Robert, F. G. S. A., geologist, Junction City, Ransas. 

•Hayden, Lient. Evkrett, Hydrographie Office, Navy Department, Washington, 
District of Colnmbia. 
Hayes, C. Willard, Ph.D., F. G. S.A., assistant geologist, U. S. geological snr- 
vey, Washington, District of Colnmbia. 

• Head, m. R., 5467 Jefferson ave., Hyde Park, Chicago, Hlinois. 
HÉBERT, Madame Edmond, M. S. G. F., 10, rne Garancière, Paris. 

•Henderson, Joseph J., civil engineer, Kingsbridge, New York. 
Hennequin, Emile, colonel d'état-mnjor, directeur de l'Institut cartographique 

militaire, Bruxelles. 
Heusler, Conrad, Geheimer Bergrath, Bonn., Preussen. 
HiCKS, Hknry, d., m. d., F. R. S., F. G. S., secretary of the geological society of 
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• Hiloard, Eugène W., LL. D., Ph.D., F. G. S. A., professor of agriculture and 

ohemiatry, University of Califomia, Berkeley, Califomia. 
•Hill, Robert Thomas, F. G. S.A., geologist, Washington, District of Colnmbia, 

• Hillebrand, William F., Ph. D., chemist, U. S. geological snrvey, Washing- 
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• Hitchcock, Charles H., Ph. D., F. G. S. A., professor of geology, Dartmouth 
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Jounston-Layis, h. J., m. D., F. 6. S., 7 Chiatamone, Napoli, Italie. 
JuDD, John W., Eaq., P. O. S., professer of geology, Royal Collège of Science, South 
Kensington (rosidence, 31 I^unerdale Road; Kew), London. 

Karakasch, Nicolas, conservatenr da musée géologique à T Université, St. Péters- 

bourg. 
Earpixski, Theodor, directeur du Comité géologique de Russie, St. Pétersbourg. 
•Kayskr, E MANUEL» Dr. Phil., Professor der Géologie und Palseontologie an der 

Universitat; Marburg, Deutschland. 
*Kbith, Arthur, A. M., F. G. S. A., assistant geologist, U. S. geological survey, 

Washington, District of Columbia. 
*K]EMP, James Furmax, ë. M., F. G. S.A., adjunct professor of geology, Columbia 
Collège, New York City. 
Kennedy, George L., A. M., F. G. S., professor of chemistry, mining and geology, 
Kings Collège, Windsor, Nova Scotia, Canada. 

* Kennedy, Harris, student at Harvard University, Roxbury, Massachusetts. 
•Keyes, Charles R., A. M., F. G. S. A., Johns Hopkins University, Baltimore, 

Maryland. 

Keyes, W. S., mining engineer, Pacific Union Club, San Francisco, Califomla. 

Keyserling, Alexandre, Comte, F. G. S., Memb. de TAcadémie impériale des 
sciences de St. Pétersbourg, Railkiill via Reval, Ëstorie, Russie. 
•Kimball, James P., Ph. D., F. G. S. A., ex-Director of the U. S. Mint, 1311 New 

Hampshire ave., Washington, District of Columbia. 
•KiNG, Clarence, F. G. S., F. G. S. A., geologist, ex-Director of the U. S. geologi- 
cal survey, 18 Wall st., New York City. 

Kloos, Johann IIbrmann, Dr. Phil., Professor amPolytechnicum, Braunschweig, 
Deutschland. 

• Knowlton, Frank Hall, M. S., F. G. S. A., assistant paleontologist, U. S. geo- 

logical survey, Washington, District of Columbia. 
•KoENiGS, W., Dr. Phil., Privatdocent au der Universitiit, Miinchen, Bayem. 
KoRTHALS, W. C, M. S. G. F., Heidelberg, 46 Neuenheimer Landstrasse,^ Heidel- 

berg, Badoii. 
*KosT, J., Tiffiii, Ohio. 
*Kra8SNOf, André NiKOLAEViTSCH, professeur à TUniversité de Charkow, Russie 

Méridionale. 
•Kroustcuoff, Constantin de, Dr. Phil., Musée minéralogique de l'Académie 

impériale des sciences, St. Pétersbourg. 
*Kummel, Henry B., student at Harvard University, Milwaukee, Wisconsin. 
KuNZ, George F., F. G. S. A., miueralogist, 402 Garden st., Hoboken, New Jersey, 

11 Union Square, New York. 

•Ladd, George Edgar, A. M., F. G. S. A., geologist, geological survey of Mis- 
souri, Jeflerson City, Missouri. 
♦Laflamme, J. C. K., a. m., F. G. S. A., professor of geology and mineralogy, 
Laval University, Québec, Canada. 
Lamborn, Robert H., 32 Nassau st., New York City, 

Landero, Carlos F., inspecteur général des mines du Mexique, rue Santa 
Monica 17, Guadalajara, Mexique. 
*Lane, Alfred C, Ph. D., F. G. S. A., assistant geologist, geological survey of 

Michigan, Houghton, Michigan. 
*Langdon, Daniel W., Jr., F. G. S. A., geologist of Chesapeake and Ohio R. R. 
Co., Cincinnati, Ohio. 
Lapparent, Albert de, M. S. G. F., professeur à l'Institut catholique, 3 rue de 
Tilsitt. Paria, 
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Lapwobth, Charles, LL. D., F. R. S., F. G. S., professor of geology, Mason 

Science Collège, Birmingham, England. 
*Law80N, Andrew C, Ph. D., F. G. 8. A., assistant professer of geology, Univer- 

sity of Califomia, Berkeley, California. 
Lbckie, R. g., mining engineer, oare of Londonderry Iron Co., Londonderry, 

Nova Scotia, Canada. 
•LkConte, Joseph, LL. D., F. G. S. A., professor of geology, Universîty of Cali- 
fomia, Berkeley, Califomia. 
Lehads, a. Houzeau de, ex-président de la Société belge de géologie, paléontologie 

et d'hydrologie, Hyon (Mons), Belgique. 
Leighton, Thohas, Esq., F. G. S. Lindisfarm, St. Julian's Road, West Norwood, 

England. 
Léonard, Hugh, Esq.,. late chief engineer Indian Public Works Department, 7 

Hanover Square, London, W. 
Lepsius, Richard, Dr. Phil., Professor der Géologie am k. Polytechnlcnm, 

Darmstadti Hessen, Deutschland. 
Leslet, J. Peter, LL. D., F. G. S. A., State geologist of Pennsylvania, 1008 

Clinton st., Philadelphia, Pennsylvania. 
Lerch, Otto, assistant geologist, geological survey of Texas, Austin, Texas. 
'Leybrstt, Frank, F. G. S. A., assistant geologist, U. S. geological surrey, 

Madison, Wisconsin. 
'Levitzkt, Roman, ingénieur des mines, SwietznoJ N. 5, St. Pétersbourg. 
Licherdopol, Jean P., professeur de chimie, Strada Domniti 7, Bucharest, Rou- 
manie. 
•Lincoln, David F., M. D., Geneva, New York. 

*Lindahl, Josua, Ph. D., F. G. S. A., State geologist of Illinois, Springfield, Dlinois. 
LiVERSiDGE, Archibald, Esq., M. A., F. R. S., professor of ohemistry, University 

of Sidney, New South Wales. 
L6czT, L. de, Professor an der Unirersitat, Budapest IV, Ungfam. 
Loewinson-Lessing, François, Dr. Phil., agrégé à TUniversité impériale, musée 

géologique. St. Pétersbourg. 
*LOHS8T, Max, professeur à TUniversité, Liège, Belgique. 
LoPEZ, Monroy Pedro, ingénieur des mines, ville de San Luis Potosi, Mexique. 
Louis, DAVib A., Esq., mining engineer, 77 Shirland Gardens, London, W. 
*LuNDBOHM, Hjalmar, statsgeolog, geologiska byr&n, Stockholm, Suède. 
LuTHE, FREDERIC H., McGrcgor, lowa. 
Luther, George E., assistant geologist, U. S. geological survey, Madison, 

Wisconsin. 
Ltman, Benjamin Smith, mining engineer, 708 Locust st., Philadelphia, Pennsyl- 

Tania. 
Lyons, Henry George, lieutenant^ royal engineers, Easr el Nil, Cairo, Egypt. 

McCaixey, Henry, A. M., C. E., F. G. S. A., assistant geologist of Alabama, Uni- 
versity P. O., Alabama. 

*McGee, WJ, F. g. S.A., geologist, U. S. geological survey, Washington, District 
of Colnmbia. 

^McGee, Mrs. W J (Anita Newcomb), Washington, District of Colnmbia. 
McKellar, Peter, F. G. S., F. G. S. A., mining explorer. Fort Williams, Ontario, 
Canada. 

^Macfarlane, Thomas, chief analyist, Inland Revenue Department, Ottawa, 
Canada. 

*»Mallbt, Frédéric Richard, Esq., F. G. S., superintendent of the geological sur- 
vey of India (retired), 18 the Common, Ealing, London. 
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*MALLETy Richard T., Esq., chief eDgineer Public Works Department of India, 

Bellerieve, Downshire Square, Reading, England. 
Marcou, Jules, F. G. S., F. G. S. A., 42 Garden st., Cambridge, Massachusetts. 
*Maroerie, Emmanuel de, M. S. G. F., attaché an Service de la carte géologique 

de la France, 132 rue de Grenelle, Paris. 
Maris, Cerenati D., Musée de géologie à T Université royale, Roma. 
Markby, John Randall, Esq., 7 Universlty st., Totteuham Court Road, London, 

W. C. 
''Markoe, Miss Mary G., 1721 H st., Washington, District of Columbia. 
Marr, John E., Esq., M. E., F. G. S., St. John's Collège, Cambridge, England. 
*Marsh, Othniel C, LL. D., F. G. S., F. G. S. A., professor of paleontology, Yale 

University, New Haven, Connecticut. 
*Martin, Daniel S., professor of geology, Rntgers Female Collège, 54-66 West 55th 

st., New York City. 
*Mason, t. B. m., Lieutenant U. S. Navy, Navy Department, Washington, District 

of Columbia. 
Mattirolo, Ettore, ingénieur des mines, Torino. Ufficio geologico, Roma. 
Maurer Frederick, Rentner, Heinrichstrasse 109, Darmstadt, Deutschland. 
*Means, John H., assistant geologist, geological survey of Arkansas, Little Rock, 

Arkansas. 
Medlicott, Henry B., M. A., F. R. S., F. G. S., director of the geological snrvey 

of India, 43 St. John's Road, Clifton, Bristol, England. 
*Merrill, Frederick J. H., Ph., D., F. G. S. A., assistant director of the state 

muséum, Albany, New York. 
*MrrrilI', George p., m. S., F. G. S. A., curator of geology, U. S. national muséum, 

Washington, District of Columbia. 
MiCHEL-LïivY, A., M. S. G. F., directeur du Service de la carte géologique de 
France, 26 rue Spontini, Paris. 

* Mindeleff, Cosmos, archieologist, Bureau of Ethnology, Smithsonian Institution, 

Washington, District of Columbia. 
Mixer, Frkderick M., Hôtel Broadway, Donver, Colorado. 
Molengraaf, g. a. F., Dr. Phil., professeur à TUniversité, l"*» Parkstraat 394, 

Amsterdam, Hollaiid. 
•MosES, Thomas F., M. D., F. G. S. A., président of Urbana University, Urbana, Ohio. 
MouRLON, MicuEL, membre de l'Acad^îmie royale des sciences de Belgique, 107 rue 

Belliard, Bruxelles. 
MCgge, Otto, Dr. Phil., Professor an der k. Akademie, MUnster, Westfalen, 

Deutschland. 
Munier-Cualmas, m. S. G. F., professeur de géologie à la Sorbonne, Paris. 
MuNROE, H. S., professor of mining, School of Mines, Columbia Collège, 49th street 

and Madison avenue, New York City. 
*MURDOCK, John, librarian, Smithsonian Institution, Washington, District of 

Columbia. 
MusY, Prof. M., pr<^8ident de la Société Mbourgeoise des sciences ^^natnrelles, 

Fribourg, Suisse. 

Nefp, Peter, A. M., F. G. S. A., 401 Prospect street, Cleveland, Ohio. 
t Newberry, John S., M. D., LL. D., F. G. S., F. G. S. A., professor of geology and 
paleontology, Columbia Collège, New York City. 
Newberry, Wolcott E., mining engineer, Colorado Springs, Colorado. 

• Newell, Frederick H., F. G. S. A., topographer, U. S. geological survey, Washing- 

ton, District of Columbia. 
Newton, Edwin B., Esq., F. G. S., geological survey of Great Britain, Museu^, 28 
Jermyn street, London, S. W. 
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Newton, Richard Bullen, Esq., F. G. S., British Mnseoin (nat.hist.), South Ken- 

sington, London, S. W. 
NiEDZWiEDZKi, J.y Professor der Minéralogie nnd Géologie an der Univenitat, 

Lemberg, Oesterreich. 
Nies, Friedrich, Dr. Phil., Professor der Géologie am k. Polytechnicom, Hohen- 

heim, Wurtemberg. 
NiKiTix, Prof. Serge, Institut des mines. St. Pétersbourg. 
t Northrop, John I., School of Mines, Golumbia Collège, New York City. 
•Norton, William H., professor of geology, Cornell Collège, Mt. Vemon, lowa* 
NovARESE, Vittorio, ingénieur des mines, Torino. Ufficio geologico, Roma. 
Ntx, Dr. W., 885 Dearbom avenue, Chicago, Illinois. 

OCHSENius, Charles, Dr. Phil., Privatdocent an der Universitat, Marburg, 

Hessen, Deutschland. 
*Ogden, Herbert G., U. S. coast and geodetic survey, Washington, District of 

Columbia. 
^OrdoKez, EzsQUDEL, géologue de la Commission géologique du Mexique, ville de 

Mexico. 
OsTON, Edward, Ph. D., LD. D., F. G. S. A., State geologist of Ohio, Columbus, 

Ohio. 
*OsANN, Alfred, Dr. Phil., Professor an der Universitat, Heidelberg, Deutschland. 
OsBORN, Henrt F., professor of comparative anatomy, Columbia Collège, New 
York City. 

Palmer, Charles S., Ph. D., professer of chemistry, University of Colorado, 

Bonlder, Colorado. 
Parona, Carlo Fabrizio, professeur de géologie à l'Université, Palazzo Carignano, 

Torino, Italie. 
Parrt, J. m., Aspen, Colorado. 
Patton, Horace B., Ph. D., F. G. S. A., geologist, geological survey of Michigan, 

Houghton, Michigan. Golden, Colorado. 
*Paylow, Alexis, professeur de géologie à l'Université, Musée de géologie, Moscou, 

RuBsie. 
*Pavlow, Mme. Marie, Maison Cheremétief, log. 66, Cheremétevsky pereoulok, 

Moscou, Russie. 
Pbalb, Albert C, M. D., geologist, U. S. geological survey, Washington, District 

of Columbia, (now 1909 Chesnut st., Philadelpbia, Pennsylvania.) 
Penfield, Samuel Lewis, assistant professor of mineralogy, Sheffield Scientific 

School, New Haven, Connecticut. 
^Pknrose, Richard A. F., Jr., Ph. D., F. G. S. A., assistant geologist, geological 

survey of Arkansas, Little Rock, Arkansas, (now prof, of économie geology, 

University of Chicago, Chicago, Illinois.) 
^'Perkins, George H., professor of natural history, University of Vermont, 

Burlington, Yermont. 
*Perbt, Joseph H., F. G. S. A., teacher of chemistry and geology, 176 Highland 

st., Worcester, Massachusetts. 
^P J c riEE , William H., A. M., F. G. S. A., professor of mineralogy and économie 

geology, University of Michigan, Ann Arbor, Michigan. 
^X^ENiNOER, Feux, Palaeontologisches Institut, Miinchen, Bayem. 
Porter, J. A., 804 Boston BuUding, Denver, Colorado. 

^OBTis, Dr. Alessandro, professeur de géologie à l'Université royale, Roma. 
:FoSEPNt, Prof. 'F., Bergrath, O. Dôbling, Karl Ludwigstr. 62, Wien. 
I^osTLETHWAiTB, JouN, Esq., F. G. S., Eskiu Place, Eeswick, Cumberland, Eng- 

land. 
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POTTER, William B., A. M., E. M., F. G. S. A., professor of minins and métal- 

largy, Washington University, St. Loais, Missouri. 
•PowELL, John W., Ph. D., LL. D., F. G. S. A., director of the U. S. geological 
survey, Washin^çton, District of Colambia. 

* Pkrntiss, d. Wkbhtek, m. D., 1101 Fourteentb st., Washington, Districtof Colam- 

bia. 
*Prescott, Albert B., Président A. A. A. S., director of the chemical laboratory, 

University of Hichigan, Ann Arbor, Micbigan. 
Prestwich. Joseph, Esq., M. A., F. R. S., F. G. 8., président of the Fourth Inter- 
national Congress of Geologists, Shoreham, Kent, England. 
Procter, John R., F. G. S. A., State geologist of Kentncky, Frankfort, Kentucky, 

(now Civil Service Commissioner, Washington, D. C.) 
Proesgholdt, Prof. H., Dr. Phil., Landesgeolog, Meiningen, Dentsohland. 
*Prosser, Charles S., M. S., F. G. S.A., assistant paleontologist, U. S. geological 

survey, Washington, District of Columbia. Topeka, Eansas. 
PuOA, Guillermo B. y, président de la Société ^'Antonio Alzate," professeur de 

minéralogie et de géologie à FËcole préparatoire, ville de Mexico, Mexique. 
*PuMPELLY, Raphaël, F. G. S. A., geologist, U. S. geological 8aryey,Newport, Rhode 
Island. 
PUROOLD, Alfred, Blasewitz, Gotha, Dentschland. 

• PuTNAM, F. W., professer of archœology and ethnology, Harvard University, Cam- 

bridge, Massachusetts. 

Rand, Théodore D., Esq., 17 South Third st., Philadelphia, Pennsylvania. 
Radkewitch, Grégoire, agrégé de géologie à TUniversité, Eiew, Russie. 
Randolph, John C. F., mining engineer, University Club, Madison Square, Kew 
York City. 
*Rathbun, Richard, curator, U. S. national muséum, Washington, District of 
Columbia. 
Raunheim, Saly E., mining engineer, P. O. Box 3, New York City. 
Raymond, R. W., secty. Am. Inst. Mg. Engrs., 13 Burling Slip, New York City. 
*Read, M. A., student, Harvard University, 22 Stoughton Hall, Cambridge, Massa- 
chusetts. 
Reclus, Elisée, géographe. Librairie Hachette, Paris. 
Reid, Clément, Esq., F. G. S., geological survey of Great Britain, Muséum, 28 

Jermyn st., London, S. W. 
Reiss, w., Dr. Phil., Kurfiirstenstrasso 98, Berlin, W. 
*Reusch, Hans, Dr. Phil., F. G. S., director of the geological survey of Korway, 
Christiania, Norway. 
Ricci a RDI, Dr. Leonardo, professeur de chimie, Reggîo, Calabria, Italie. 
*RiCE, William North, A. M., Ph. D., F. G. S.A., professer of geology, Wesleyan 

University, Middletown, Connccticut. 
•Richardson, Clifford, district chemist, Washington, District of Columbia. 
Riche, Attale, M. G. S. F., chef des travaux de géologie à la Faculté des sciences, 

rue de Penthièvre, 11, Lyon, France. 
Ricketts, Louis D., Ph. D., mining engineer, 11 John st., New York City. Raw- 

lins, Wyoming. 
Rivero, JoAQUiN L., ingénieur des mines, Zacatecas, Mexique. 
•Rockwell, Gen. Alfred P., E. M., Manchester, Massachusetts. 
•ROLFE, Charles W., M. S., F. G. S. A., professer of geology, University of Illi- 
nois, Urbana, Illinois. 
RoLKER, Charles M., mining engineer, 98 Broadway, New York City. 
*RoMBEBG, JuLius, Wllsnackerstrasse 61, Berlin, N. W. 
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Smith, Euobke A., Ph. D., F. G. S. A., State geologist of Albama, Unlv^endty P. O., 

Alabama. . 
Smock, John C, Ph. D., F. G. S. A., State geologist of New Jersey, Trenton, New 

Jersey. 
*SûHLEy Ulrich, Student der Géologie, Milnchen, Bayem. 
SOLLAS, William J., LL. D., F. R. S., F. G. S., professer of geology and mineralogy, 

Trinity Collège, Dublin, Ireland. 
SowERBUTTS, Eu, Esq., secTotary of the Manchester geographical society, 44 

Brown st., Manchester, England. 
•Spencer, J. W., A. M., Ph.D., F. G. S. A., State geologist of Georgia, Atlanta, 

Georgia. 
*Stainier, Xayier, doctear-ès-sciences natnrelles, Chauss^^e de Wavre 80, Bruxelles. 
•Stanton, TiMOTHY W., F. G. S. A., assistant paleontologist, U. S. geological sur- 

vey, Washington, District of Columbia. 
*STEFANBSca, GRÉGOIRE, professeur de géologie à FUniversité de Bucharest, Strada 

Verde 8, Bucharest, Roumanie. 
*Stbfanescu, Mme. Maria Gr., Strada Verde 8, Bucharest, Roumanie. 
Stefan Escu, Prof. Sabba, Strada Domnitei 7, Bucharest, Roumanie. 
Stefano, Giovanni di, paléontologue, Roma. 
'Steinmann, Gustav, Dr. Phil., Professer der Géologie an der Universitat, Frei- 

bnrg in Baden, Deutschland. 
*Stejnrger, Leonhard, ourator, department of reptiles, U. S. national muséum, 

Washington, District of Columbia. 
Stblzner, Alfred W., Dr. Phil., Professer der Géologie an der k. sachs. Berg- 

akademie, Freiberg, Sachsen. 
•Stevenson, John J., Ph. D., F. G. S. A.,professor of geology, University of the City 

of New York, Washington Square, New York City. 
Stirrup, Mark, Esq., F. G. S., High Thorn, Bowdon near Manchester, England. 
*Stoek, Harry h., instructor in mining and geology, Lehigh University, South 
Bethlehem, Pennsylvaiiia, (now Pennsylvania State Collège, State Collège^ 
Pennsylvania.) 
*Stokes, Henky N., Ph. D., assistant chemist, U. S. geological survey, Washington, 

District of Columbia, (now University of Chicago, Chicago, Illinois.) 
'Strerruwitz, w. h. von, civil and mining engineer, P. O. Box 46, Austin, Texas. 
•Streng, August, Dr. Phil., Professer der Géologie an der Universitat, Giessen» 

Deutschland. 
Stripplemann, Léo, Bergingenieur, Gen. Director der consolidirten Alkaliwerke 

in Westeregeln, Provinz Sachsen, Ansbacherstrasse 2, Berlin, W. 
StrCgkmann, C, Dr. Phil., Anitsrath, Sedanstrasse 3, Hannover, Deutschland. 
StCbel, Alpiioxs, Dr. Phil., 17 Feldgasse, Dresden, Sachsen. 
SWAIN, Ernest, Esq., F. G. S., 21 Ladbroke Road, London, W. 
SwAiN, Richard T., Esq., 5 Addison Croscent, Kensington, LondoUi W. 
Swallow, George C, M. D., LL. D., F. G. S. A., State geologist of Montana, Helena, 

Montana. 
SzABÔ, Joseph von, Dr. Phil., F. G. S., Professer der Minéralogie and Géologie an 
der Universitat, Budapest, Ungarn. 

•Tabuteau, Lieut. Col. A. O. (retired), F. G. S., Bro w Hill, Batbeaston, Bath, England. 
Taff, Joseph A., assistant geologist, geological survey of Texas, Austin, Texas. 
Tarassenko, Basile, Conservateur du musée de l^Université, Kiew, Russie. 
Tarr, R. s., assistant professer of geology, Cornell University, Ithaca, New York. 
Taylok, t. B., Fort Wayne, Indiana. 
Tellini, Achille T., Musée de géologie à UUniversité royale, Roma. 
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*Ward, Lester F., A. M., F. G. 8. A., paleontologist, U. S. geologioal surrey, Wash- 
ington, District of Colombia. 
tWATKKS, J. H. Erxest, mining engineer, Tellaride, Colorado. 
Watson, George A., deputy snrveyor gênerai '(retired), Hendre, Oyerton Park, 

Cheltenham, England. 
Weed, Walter h., £. M. y F. G. S. A., assistant geologist, U. S. geological surrey, 

Washington, District of Coliimbia. 
*Weeks, Joseph D., mining engineer, Pittsburg, Pennsylvanla. 
*Weioand, Bruno, Dr. Phil., Oberlehrer, Steinring 1, Strassbnrg, Elsass, Deutsch- 

land. 
Wbisbach, Albin, Dr. Phil., Professor der Minéralogie an der k. sachs. Berg- 

akademie, Freiberg, Sachsen. 
Weisslbder, Edmund, Bergrath, Leopoldshall-bei-Stassfnrt, Dentschland. -' 
Wells, Horace L., assistant professor of obemistry, Sheffield Scientific School, 
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Wells, William H., Jr., 274 Sontb Ashland ave., Chicago, Illinois. 
*Wueeler, C. Gilbert, cheraist and geologist, 143 Lake st., Chicago, Illinois. 
*Wheeler, h. a., professor of mining, Washington University, St. Louis, Missouri. 
Whitaker, William, Esq., F.R. S., F. G. S., geological survey of Great Britain, 

Muséum, 28 Jermyn st., London, S. W. 
*White, Charles A., M. D., F. G. S. A., paleontologist, U. S. geological survey, 

Washington, District of Columbia. 
*White, Charles David, F. G. S. A., assistant paleontologist, U. S. geological sur- 
vey, Watfhington, District of Columbia. 
•White, Israël C, Ph.D., F. G. S.A., professor of geology, University of West 

Virginia, Morgantown, West Virginia. 
'Whitfield, Robert P., Ph. D., F. G. S. A., geologist and paleontologist, American 

Muséum of Natnral History, 77 th st. and 8th ave., New York City. 
WiGHT, George P., Esq., civil servant, War Office, London, S. W. 
WiOHT, Stanley, Brookfield, Massachusetts. 
•WiLLCOX, Joseph, commissioner of the geological survey of Pennsylvania, PhUa- 

delphia, Pennsylvania. 
*WiLLETS, Hon. Edwin, Assistant Secretary of Agriculture, Washington, District of 

Columbia. 
Williams, Arthur H., Esq., merchant, 385 HoUoway Road, London, N. 
Williams, Edward H., Jr., E. M., F. G. S. A., professor of mining engineering and 

geology, Lehigh University, Bcthlehem, Pennsylvania. 
•Williams, George Huntington, Ph. D., F. G. S. A., professor of geology, Johns 

Hopkins University, Baltimore, Maryland. 
•Williams, Henry Slater, Ph.D., F. G. S., F.G. S. A., professor of geology and 

paleontology, Yale Collège, New Haven, Connecticut. 
•Wiluams, Mrs. Henry S., New Haven, Connecticut. 
•f Williams, J. Francis, Ph. D., F. G. S. A., assistant professor of geology, Cor- 

nell University, Ithaca, New York. 
•WiLLis, Bailey, F. G. S. A., geologist, U. S. geological survey, Washington, Dis- 
trict of Columbia. 

• WiLLis, Mrs. Bailey, Washington, District of Columbia. 

WiLSON, Herbert M., geographer, U. 8. geological survey, Washington, District 
of Columbia. 

• WiLSON, Thomas, curator, U. S. national muséum, Washington, District of Colum- 

bia. 
WiNCHELL, Horace Y., F. G. S. A., ansistant State geologist, 120 State st., Minne- 
apolis, Minnesota. 
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*WiNCHELL, Newton H., A. M., F. G. S. A., State geologist of Minnesota, Minne- 

apolis, Minnesota. 
•WiNSLow, Arthur, F. G. S. A., State geologist of Missouri, Jefferson City, Mis- 
souri. 
*WOhrmann, Baron Sidnky von, Dr. Phil. (de Livonie, Russie), Akademie der 

Wissenchaften, Munchen, Bayem. 
•WoLFF, John E., Ph. D., F. G. S. A., instructor in petrography, Harvard Univer- 
stty, Cambridge, Massachusetts. 
WooD, TiNGLEY S., mining engineer, Lead ville, Colorado. 
WooPALL, John W., Banker, St. Nicholas House, Scarborough, Englaud. 
•WooDROW, James, professer of geology and mineralogy, University of South 
Carolina, Columbia, South Carolina. 
WooDwARD, Horace B., Esq., F. G. S., geological survey of Great Britain, Muséum, 

28 Jermyn st., London, S. W. 
WooDWARD, Robert S., C. E., F. G. S. A., U. S. coast and geodetic survey, 

Washington, District of Columbia, (now Columbia Collège, New York.) 
WooDWORTH, Jay Backus, 7 Rutland st., Cambridge, Massachusetts. 
♦WOlfino, E. A., Dr. Phil., Privatdocent an der Universitat, Tabingen, Deutsch- 
land. 

*Ykates, William S., assistant curator, department of mineralogy, U. S. national 
muséum, Washington, District of Columbia, (now State Geologist, Atlanta, 
Georgia.) 
YOUNG, Alfred C, Esq., 64 Tyrwhitt Road, St. John's, London, S. E. 

Zaccagna, Domenico, ingénieur des mines, Carrara. Uffîcio geologioo, Roma. 
tZANDT, Ferdinand van, mining engineer, Blue Bird Mining Co., Butte City, 

Montana. 
Zeballos, Estanislas s., directeur général des postes et télégraphes, Buenos 

Aires, République Argentine, (now Argentine Minister, Washington, D. C.) 
*Zittel, Karl von, Dr. Phil., Professer der Géologie an der Universitat, MUn- 

chen, Bayem. 
Zlatarski, Georges N., géologue en chef des mines, Sofia, Bulgarie. 

Membres présents ,.. 251 

Membres absents ► 295 

Total 546 
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LiSTK CLASSiFléx DES MeMBRBS ËTRANGBRS. 



[* Indique qae le membre était présent à Washington.] 
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RéfHibUqae Argentine. 
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Pérou 

Portugal 



SnMe 



Membres 
présents. 


Membres 
absents. 


Totaux. 


23 


35 


58 





1 


1 





« 


2 





8 


2 


3 


8 


11 


3 


10 


M 




• 


1 


1 


3 


5 


8 


1 





1 





1 


1 





2 


•2 


7 


17 


24 


14 


64 


es 





1 


1 





24 


24 


3 


4 


7 


1 


1 


2 





1 


1 


1 . 





1 





2 


2 


4 


2 


6 


9 


13 


22 


4 


1 


5 


2 


2 


4 



rg 



189 



267 




LISTE CLA8SIFIÉE DES MEMBRES ÉTRANGERS. 



43 



ALLEMA6NK. 



Ammon, L. von MUnchen. 

•Andrew, A Heidelberg. 

Benecke, E. W Strassburg i. K. 

•Bergeat, A Miinchen. 

Bertkau, P Bonn. 

Beyrich, E Berlin. 

•Bome,G. von dem Halle a. d. S. 

Bomemann, J. G Eisenach. 

Bomemann, L. G., jr .. .Eisenach. 

Busse, M Coblenz. 

Cohon, E Greifswald. 

Conwentz, H Danzig. 

•Credner, H Leipzig. 

*Credner, R Greifswald. 

Félix, J Leipzig. 

•Frech, F Breslau. 

Geinitz^ H. B Dresden. 

Gie«ecke, B Leipzig. 

Halfar, A Berlin. 

Ilaacheronie, W Berlin. 

Uouftler, C Bonn. 

^Jaekel, O Berlin. 

Jentzscb, A Konigsberg i . Pr. 

•Kayser, E Marburg. 

Kloos, J. H Braunschweig. 

Korthals, W. C Heidelberg. 

•Koenig», W Miinchen. 

Lepsius, K Darmstadt. 

Manrer, F Darmstadt. 

Miigge, O MUnster. 



I « 



Nies, F Hohenheim-bei< 

Stuttgart. 

Ochsenius, C Marburg. 

*08ann, A Heidelberg. 

"Plienisger, F Miinchen. 

Proescholdt, H Meiningen. 

Purgold, A Blasewitz. 

Keiss, W Berlin: 

*Romberg, J Berlin. 

Rosenbnsch, H Heidelberg. 

*Rothpletz, A MUnchen. 

Scheibe, R Berlin. 

Seligmann, G Coblenz. 

•Sôhle, U MUnchen. 

Steinmann, G Freiburg i. B. 

Stelzner, A. W Freiberg i. S. 

*Streng, A Giessen. 

Stripplemann, L Berlin. 

Striickmann, C Hannover. 

StUbel, A Dresden. 

*" Ulrich, A Strassbnrg i. E. 

* Viedenz, A Berlin. 

*WahnschafFe, F Berlin. 

"^Walther, J Jena. 

*Weigand, B Strassburg i. E. 

Weisbach, A Freiberg i. S. 

Weissleder, E Staasfurt. 

nViilfing, E. A Tiibingen. 

* Zittell , K. von Miinchen. 



AMÉRIQUE CENTRALE. 

Crawford, J Managua. 

RÉPUBLIQUE ARGEXTIXE. 

Berg, c BurnoH Aires. Zeballos, Est-anisluM S. . Buenos Aires. 



Brown, H. Y. Lyell 



AUSTRALIE. 

Adelaide. | Liversidge, A. 



Sidney. 



AUTRICHE- HONGRIE. 



Becke, F Prag. 

'Diener, C Wien. 

'Dunikowski, E. de Lemberg. 

Fuchs, T Wien. 

Hantken, M. von Budapest. 

Léczy, L Budapest. 



I Niedzwiedzki, J Lemberg. 

! Posepn^,F Wien. 

Szabô, J. von Budapest. 

*Tietze,E Wien. 

Von Inkey, A Pressburg. 
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BBL(SIQUE. 



Delvanz^E Bruxelles. 

Dewalque, G Liège. 

Faly, J Mons. 

Firket, A Liège. 

HenDequin, £ Bruxelles. 

Lehaie, A. H. de Hyon. 

*Lohe8t, M Liège. 



Monrlon, M Braxelles. 

Rutot, A Bruxelles. 

Schmitz, G Liège. 

•Stalnier, X Bruxelles. 

* Van den Broeck, E Bruxelles. 

y au Drunen, J Bruxelles. 



BULGARIK. 



Zlatarski, G. N Sofia. 



CANADA. 



'Adarns, F. D Montréal. 

Ami, H. M Ottawa. 

Kennedy, G. G Windsor. 

*Laflamme, J. C. K Québec. 



Leckie, R. G Londonderry. 

*Macfarlane. T Ottawa. 

McKellar, P Fort William. 

Smith, D. A Montréal. 



CHILI. 

*SanRoman,FrauciscoI Santiago. 

ÉCiYI»TE. 

Lyons, H. G Cairo. 



ESPAGNK. 



Castro, F. de Ma<lrid. 



Arnaud, H Angoulôme. 

•Barrois, Ch Lille. 

Bergoron, J Paris. 

Bertrand, M Paris. 

Bonaparte, K Paris. 

•Boule, M Paris. 

Dagincourt, M Paris. 

•Delaire, A Paris. 

Dollfuss, G Paris. 

•Doulcet, J Paris. 

•Eysséric, J Carpentras. 

Fabre, G Ntines. 



y ilanova y Piera, J Madrid. 



FRANCE. 



*Gaudry, A Paris. 

Geandey, F Lyon. 

Gosselet, J Lille. 

Hébert, E Paris. 

Hovelacque, M Paris. 

Janet, C Beauvais. 

Lapparent, A. de Paris. 

*Margerie, Emin. do Paris. 

Michel-Lévy , A •. . Paris. 

Reclus, E Paris. 

Riche, A Lyon. 

Tcrmier, P St. -Etienne. 



(;kani)K brktagnk. 



Allen, H. A London. 

Atkinson, V/. J London. 

Bather, F. A London. 

Blanford, W. T London. 

• Cadell, H. M Bo'ness. 

• rhristie, J. C Glasgow. 

• Churchill, W London. 

CoK G. A Dublin. 

l>«Uun, W. H London. 



Evans, J lîemel Hempst'd. 

Davies, A. M London. 

Davis, W. H Tottenham. 

Day , ,J . T London. 

Fonnell, C. W Wakefield. 

Forstcr, Miss M London. 

Fostcr, (\ Le N London. 

Fox-Stran^ways, C. .London. 
Garwood, E. J Cambridge. 
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Glen, D.C GlMgow. 

• Gregoiy, J. W London. 

'Gregorj, UIh London. 

Hall, H PsrÏBtone. 

Huisford, C Dorcheator. 

'HHket, A Cambridge. 

" Hftrria, G- F London. 

HlckÉ,H London. 

>HolMoo, B ShefBeld. 

Howu, E Newcutle. 

HadlaMtoD, W. H London. 

■Hnghes, T. McK Cambridge. 

'Hnghet, Mn. H.C ...Cambridge. 

Hnll, E London. 

Home, W. F LodiIod. 

Jndd, J. W Kew, 

Lkpnortb, C Birmingham. 

Leighton,T West Norirood. 

Léonard, H London. 

Lonis, D. A London. 

* Hallett, F. B London. 

'Mallet, R. T Seading. 

Markb7, J. E London. 

M»rr, J. E Cambridge. 

HedlicoU, H. B BriatoV. 



Newton, E. T London. 

Neirton, R. B London. 

Poatlethwafte, J Keawiolc. 

pT«fltwicIi, J Shorebam. 

Reid, C London. 

Rndler, F, W London. 

Rnlley, F London. 

Seeley,H.G London, 

Sherborn, CD London. 

SUveater, F.W 8t. Albons. 

8ollâs,W. J Dublin. 

Sowerbntta, E Uancheator. 

Stirrap, M Bowdon. 

Swaiii, E London. 

Swaio, R London. 

•Tftbnt«Dn, A.O Bath. 

Topley, W London. 

Wateon, G. A Cbeltenham. 

Wbitaker, W London. 

Wight, 0. P London. 

Wimuns,A.H London. 

Woodward, H. B London. 

Woodall, J. W Scuborongh. 

Udall, J Birmingham. 

Yonng, A.C London. 



Holengntff, G. A. F Amitterdam. 



BaUaeci, L Borna. 

BmmuiI, F Napoli. 

Botti, tj Beggio,Calabria. 

Canavarl, M Piaa. 

Capellini, G Bologna. 

Coccbi,! Flrense. 

Ctnteae, B Eoma. 

Demarohi, L Borna. 

Pabrl, A Firenze. 

Fïanchi 8 Torlno. 

Glordano, F Borna. 

Johnston-Laria, H. J.. Napoli. 



Maria, CD Boma, 

Matlirolo, E Torino. 

NoTareae, V Torino. 

Parona, C. F Torino. 

Portia, A Borna. 

Ricoiardi, L Begglo.Calabrilh 

BaccOfF Torino. 

Stefano, G.dl Boma. 

Telhni, A Roma. 

Uzielli, G Firenze. 

Vinsanl, C Beggio.Calabria 

Zaccagna, D Carrara. 



MEXIQUE. 

"Agnfleta,J.D Ville de Mexico. 1 •OrdoBeK.E.. 

*Ca«ti]la, A. de] Title de Mexico. Pnga, G. B. y 

Landero, C. F. de Gnadal^ara. Bivero, J. L . 

Lopea,M.P Tille de San Lnia | 

Brtgger.W.O Christiania. | ■Beiiach,H..., 



..Vnie doHexioo. 
..Tille deHexloo. 
.-Zacateoaa, 
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NOUVELLE ZÉLANDB. 

Ulrich, G. H. F Dunedin 



ElgQorayM 



Choffat, P 



PÉROU. 

Washington (Peravian Légation). 

PORTUGAL. 

Lisbonne. | Delgado, J. F. K 



Lisbonne. 



ROUMANIE. 



Licherdopol, J. P Bncharest. 

• Sihleano, 8 Bucharest. 

*Sihleano, H bncharest. 



* St«fanescn, G Bucliarcst. 

* Stefanescn, M. G Bncharest. 

Stefanescu, 8 Bucharest. 



RUSSIE. 



Armachewsky, P Kiew. 

• Bogdanoff, N St. Pétersbonrg. 

Galitzine, P St. Pétersbonrg. 

Inostranzeff, A St. Pétersbonrg. 

Earakasch, N St. Pétersbonrg. 

Karpinski, T St. Pétersbonrg. 

Keyserling, A. C Raiktill. 

• Krassnof, A. N Charkow. 

• Kronstcboff, C. de St. Pétersbonrg. 

• Levitzky, R St. Pétersbonrg. 

Loewinson-Lessing, F. St. Pétersbonrg. 



Nikitin, S 8t. Pétersbonr£. 

• Pavlo w, A Moscon. 

• Pavlow, M Moscou. 

Radkewitch; G Kiew. 

• Schmidt, F St. Pétersbonrg. 

Tarassenko, B Kiew. 

Toutkowsky, P Kiew. 

• Tschemychew, Th St. Pétersbonrg. 

Vennkoff, P Kiew. 

Vogdt, C. de St. Pétersbonrg. 

• Wôhrmann, B. S. Ton . .Livonia. 



Blomstrand, C. R Lnnd. 

* Geer, G. de Stockholm. 

•Hol8t,N.O Stockholm. 



Golliez, H Lausanne. 

Mosy, M Fribourg. 



SUÈDE. 



^ Lnndbohm, H Stockholm. 

*Sjôgren, H Upsala. 



SUISSE. 



*Schniidt,C Bâle. 

Saussure, H. de Genève. 
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Liste des Délégu^.s et des Institutions Représentées. 

[L'étoile (*) indiqae les Institutions qui ont souscrit pour le Compte Bendn.] 

âixsmagnb: 

Munchen, — Le goavemement de Bavière, K, Von Zitiel, 

AUTRICHE-HONORI^ : 

Wtem. — K. K. geologische Reichsanstalt, E, Tietze, 

K. K. geographische GeseliBchaft in Wien, C. JHener, 
Belgique : 

Le gouvernement de, M. Lcheêt, E, Van den Broeck, 

Bruxelleê. — La Commiasion géologique de Belgique, E, Van den Broeck. 

Le Musée royal d'histoire naturelle de Belgique, E, Van den Broeolc, 
* La Société belge de géologie, paléontologie, et d*bydrologie| E, Van 

den Broeck. 
La Société royale malacologique de Belgique, X,8tainier. 
lAè^e. — La Société géologique de Belgique, M. Loheet, X. Stainicr. 
Canada : 

*St. John. — ^Natural History Society of New Brunswick. 
Chili: 

Le gouvernement de. F. I. San Boman. 
États-Unis: 

The American Association for the Advancement of Science, J, B. Preeoott, 

F. W. Puiman, J. J. Stevenson, W J MoGee, G. K. Gilbert. 
The American Institute of Mining Engineers, S. F. Emmone. 
^Xew York City, — ^The American Geograpbical Society. 
Chicago, Ul. — The Geological Society of Chicago, W. B. Head. 
MinneapoUa, Minn, — Minnesota Academy of Natural Sciences, C. W. Hall. 
Poughkeepsie, N. Y, — Vassar Collège, W. B. Dwight. 
Waehington, 2>. C. — ^The Smithsonian Institution, G. P. Merrill. 

The National Geographical Society, G. G. Huhhard. 
* The Anthropological Society of Washington, D. C, 
WJMcGee, T. Wihon, W. B. Holmee. 
France: 

Pam.^Le Ministère de Tlnstruction publique, M. Boule. 

Service de la carte géologique détaillée de la France, Ch. Barroiê, 
La Société géologique de France, A, Gaudry. 
La Société de géographie de Paris, Emm. de Margerie, 
La Société des ingénieurs civils, T. B. M. Maeon. 
Italie: 

* Borna. — Ministère di Agricoltura, Indu stria et Commercio* 
^Napoli. — L'Académie royale des Sciences. 

Mkxique : 

• Vaie de ifexioo.— La Société "Antonio Alzate." 
PÉROU : 

Le gouvernement de, A. D. Hodgee, jr., C. Odheeniuê. 
Portugal: 

*Liêbonne—lÂ Commission des travaux géologiques de PortugaL 
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Roumanie: 

BuchareêU — ^Le Ministère de rAgricnltare, Industrie, Commerce et Domaines, 

G. SUfaneicu. 
Russie : 

Le gouvernement de, Th, Têchemjfeohew. 

8t, PéterBbourg, — Le Comité géologique de la Russie, F. Sohmidi, 
^Ekatérinehcurg, — La Société des Sciences Naturelles. 

*St, Pittr»hourg, — Le Musée géologique de l'Université de St. Pétersbourg. 
Moscou, — La Société Impériale des naturalistes, A, PavUno, 

La Société Impériale Russe de Géographie, K, de Kroiutokoff, 
Suisse : 

Le gouvernement de, H, Golliegf C. SokmîdU 
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SÉANCE d'Ouverture. Mercredi 26 Août, 1891. 

La séance est ouverte à 21i. et demi de l'après-midi. 

M. T. McK. Hughes, Vice-Président anglais du Congrès, dit qu'il a 
été invité à ouvrir la séance, en l'absence de son ami, le distingué pro- 
fesseur Prestwich, Président du Congrès de Londres, qui, vu l'état de 
sa santé,n'a pu le faire lui-même. M. Hughes espère que son ami a 
pourtant devant lui bien des années à consacrer au travail, et que, toutes 
les fois que la distance et les fatigues d'un long voyage ne s'y oppose- 
ront pas, Professeur Prestwich pourra présider de nouveau les séances 
et faire profiter encore ses collègues des lumières que lui ont acquise 
sa longue expérience. 

M. Hughes déclare la séance ouverte, et annonce que l'on va procéder 
à l'élection du Bureau. 

La liste ci-après, que le conseil, conformément aux règlements, avait 
préparée d'avance, est votée par acclamation. 
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BUREAU DU CONGRÈS. 



Présidents éP honneur. 



Jambb Hall, 



[J. D. Dana.]* 



Anciens Présidente, 

[G. Capkllini, 1881], [E. Bbtrich, 1885], 

[J.Prkstwich, 1888.] 

Président, 
[J, S. Newbebry.] 



Vice-Présidents, 



Allemagne, K. VON Zittel, H.Crkdner. 
Angleterre, T. McK. Hughes. 
Autriche, E. Tietze. 
Australie, [A. Liyersidge]. 
Belgique, E. Van den Broeck. 
Canada, J.C. K. Laflamme, Thos. Mac- 

farlane. 
Chili, F. I. San Roman. 
Danemark, [F. Johnstrup]. 
Ecosse, H. M. Cadell. 
Espagne, [M. F. de Castro]. 
États-Unis, Joseph LeConte, J. W. 

Powell, Raphaël Pumpelly. 
France, A. Gaudry, Ch. Barrois. 



Hongrie, [Jos. VON SzABOJ. 

Indes, F. R. Mallet. 

Irlande, [W. J. Sollas]. 

Italie, [G. Uzielli]. 

Mexitiue, A. del Castillo. 

Norvège, H. Rbusch. 

Nouvelle Zélande, [F. W. HuTTON]. 

Portugal, [J. F. N. Delgado]. 

Roumanie, G. Stefanescu. 

Russie, Th. Tscherxyschew, P. 

Schmidt, a. Pavlow. 
Suède, Gérard de Geer. 
Suisse, H. GoLUBZ. 



Secrétaires généraux, 
n. S. Williams, S. F. Emmons. 



J. C. Branner, 
W. Cross, 

C. DiENER, 



Secrétaires, 



F. Frech, 

Emm. de Margerib, 

Geo. h. Williams. 



Trésorier, 
Arnold Hagub. 



Les noms des membres absents sont indiqués par une accolade. [ ] 



DISCOURS DE M. LECONTÈ. 6â 



Sur la proposition du Prof. Hughes, M. LeConte, Vice-Président, 
préside, et prononce le discours suivant en anglais : 

Mesdames et Messieurs: En l'absence du Président du Congrès, 
M. le professeur Newberry, qui, je regrette de le dire, est retenu chez 
lui par l'état de sa santé, je suis appelé, d'une manière inattendue et 
à court délai, à vous adresser quelques paroles de bienvenue. Je me 
trouve fort embarrassé de cette mission soudaine, mais surtout du 
grand honneur qui m'est ainsi conteré. Cependant, j'espère que, vu 
les circonstances, vous ne vous attendez pas à écouter un long dis- 
cours. 

On sait que l'idée d'un congrès international de géologues est améri- 
caine; et, si je ne me trompe, c'est en 1876 qu'elle est venue au Dr. 
Sterry Hunt. 11 était donc juste que toutes les premières réunions, 
jusqu'à celle-ci qui est la cinquième, eussent lieu en Europe, où la 
géologie prit naissance, et où elle trouve encore ses plus grands 
développements. Après avoir été tenu d'abord à Paris en 1878, à 
Bologne en 1881, à Berlin en 1885 et à Londres en 1888, ce cinquième 
Congrès revient au pays qui l'a vu naître, l^ous, géologues américains, 
remercions bien sincèrement nos collègues étrangers d'avoir répondu 
si cordialement à notre invitation. C'est peut-être la première fois 
qu'il y a presque autant de membres de difi'érents pays que de nation- 
aux. Cela est dû en partie, non seulement au nombre comparativement 
restreint de géologues aux États-Unis, mais aussi, je puis dire princi- 
palement, à l'empressement montré par les premiers à se rendre auprès 
de nous. 

n est bon de rappeler ici brièvement les buts principaux dans les- 
quels les congrès se réunissent. Ce sont 1^, de fixer une nomenclature 
des grandes divisions et sous-divisions des roches, et des époques qui y 
correspondent, afin que les géologues de tous les pays puissent se com- 
prendre; 2®, d'être d'accord sur les signes conventionnels servant à 
représenter les faits géologiques, et particulièrement d'adopter une 
gamme de coloriage générale pour l'indication des terrains d'époques 
différentes, de façon qu'une carte géologique puisse être lue à première 
vue, comme une page imprimée ou une feuille de musique; 3^, de dis- 
cuter librement les questions complexes de géologie sur lesquelles il 
existe encore des divergences d'opinion; 4^, de procurer à ses membres 
l'occasion de se connaître personnellement, de s'apprécier, et de se ten- 
dre une main fraternelle, ce qui est de dernier mais non le moindre but 
que le Congrès désire atteindre. 

De ces propositions, les deux premières sont, sans contredit, de la 
plus grande importance, quoiqu'elles soient cependant celles que l'ex- 
périence a démontré comme étant les plus dilQ&ciles à adopter. Kous 
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avons été forcés d'être moins ambitieux dans nos vues. C'est comme 
qui dirait vouloir être d'accord sur un langage universel. Ces choses 
là ne se produisent pas du jour au lendemain; il leur faut du temps 
pour grandir, car elles ne viennent que graduellement et par évolution. 
Mais souvenons-nous que le facteur principal de cette évolution se 
trouve dans les discussions de ce Congrès. Espérons donc qu'elles en 
seront le point culminant. 

Je ne désire pas vous fatiguer par un rapport détaillé des sujets qui 
ont été soumis à vos délibérations. Ils sont déjà suffisamment indi- 
qués sur le programme qui est entre vos mains; mais il me paraît 
opportun, à l'occasion de cette première réunion en Amérique, d'ajouter 
quelques mots touchant les traits caractéristiques les plus saillants de 
la géologie américaine tels que vous pourrez peut-être les observer, 
même dans le parcours rapide d'une excursion. 

Si nous comparons une carte d'Europe avec une carte d'Amérique, 
nous sommes frappés de la complexité des contours de l'une et de la 
simplicité relative de l'autre. L'Europe est profondément découpée 
par des mers intérieures qui détruisent son intégrité continentale, 
tandis que l'Amérique est une unité continentale dont les bords seule- 
ment sont dentelés. H existe une différence semblable dans la struc- 
ture orographique. L'Europe est traversée par des chaînes de mon- 
tagnes qui, s'étendant dans plusieurs directions, la divisent en plusieurs 
bassins séparés. En Amérique, au contraire, nous avons dans l'Est 
une série de chaînes parallèles dont les eaux s'écoulent dans l'Atlan- 
tique; une autre dans l'Ouest tributaire du Pacifique, et un grand 
bassin intérieur dont les eaux s'écoulent par le Mississipi dans le 
Golfe du Mexique. De plus, le continent est divisé transversalement 
vers le milieu par une chaîne basse de montagnes dont les eaux 
s'écoulent vers le nord dans l'océan Arctique, et vers le sud dans le 
Golfe du Mexique. 

Comme l'histoire donne la clef des conditions sociales et x)olitiques, 
de même la géologie donne celle des formes continentales et des struc- 
tures orogéniques. En Europe, les oscillations de la croûte terrestre 
dans l'histoire géologique ont été si grandes et si variées, qu'elles 
équivalent à des créations et à des destructions fréquentes du conti- 
nent. En Amérique, ai contraire, le développement, du moins depuis 
le commencement de l'époque cambrienne, s'est presque constamment 
porté vers son achèvement. Toutefois, des hésitations, quelques incer- 
titudes et quelques oscillations se sont produites, particulièrement à la 
fin des grandes époques, mais, pris dans son ensemble, ce développe- 
ment a continué sa marche régulière comme si, doué de la pensée, il 
savait ce qu'il voulait et était déterminé à atteindre son but. Main- 
tenant, en conséquence de cette croissance uniforme, les faits géolo- 
giques sont plus clairement démontrés par la natuie, et plus aisément 
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interprétés par le géologue. Les problèmes géologiques sont réduits à 
leur plus simple expression, et leur solution est comparativement facile. 
Ceci est particulièrement vrai en ce qui concerne les grandes étendues 
de l'Ouest, non seulement à cause de la simplicité de la structure, mais 
aussi par suite de la date récente des changements. Les signes ici 
sont si évidents que celui qui court, même avec la vitesse d'un train 
express, peut les déchiffrer sans peine. H est dit qu'a brebis tondue Dieu 
mesure le vent. Nous pouvons faire ici l'application de ce proverbe; 
car la complexité des problèmes géologiques a été mesurée à raison du 
petit nombre et de l'inexpérience relative de nos géologues. En vérité 
le champ est vaste et les travailleurs sont peu nombreux; mais la 
moisson est abondant|§^ mûre pour la récolte. Autrement, il eut été 
impossible d'arriver aux résultats déjà obtenus par les géologues 
américains. Ils ont été la conséquence, non d'une application ou 
d'une faculté exceptionnelle, mais des occasions remarquablement 
avantageuses que nous possédons. 

Parmi les eflfet^j dus au développement régulier de notre continent, 
je vais citer brièvement quelques-uns de ceux qui pourront être 
observés pendant le trajet rapide des excursions: 

1. La continuité des assises. — ^Les discordances de stratification dans 
les couches et les lacunes, si fréquentes en Europe, sont en grande 
partie, pratiquement ou complètement, comblées dans l'Ouest. Ceci est 
l)articulièrement vrai pour les vastes lacunes entre le Paléozoïque et le 
Mésozoïque et entre le Mésozoïque et le Cénozoïque. Une série con- 
tinue peut être observée dans les couches des plaines du Sud-Ouest 
depuis le Carbonifère par l'intermédiaire du Permien jusque dans le 
Triasique. De même le Laramie des Plaines et delà Région des Pla- 
teaux, avec le groupe de Téjon de la Californie, comble entièrement la 
lacune entre le Crétacé et le Tertiaire. 

2. Massifs surélevés. — L'élévation régulière sans plissements dans la 
Région des Plateaux a donné lieu à un système de fissures nord-sud, 
ayant dans certains cas une centaine de milles de longueur, par les- 
quelles la croûte terrestre est brisée en massifs ou blocs séparés, dont 
quelques-uns se sont soulevés en un seul morceau, et d'autres se sont 
affiaissés, produisant ainsi des dislocations verticales de plusieurs mil- 
liers de pieds. De telles dislocations sont connues des géologues de 
tous les pays, mais dans cette région elles sont sur une si grande échelle 
et d'une date si récente, qu'elles forment des escarpements de faille de 
lyOOO à 2,000 pieds de hauteur. 

3. Soulèvement des montagnes. — Dans la Eégion des Plateaux et du 
Orand Bassin, M. Gilbert a découvert et décrit un nouveau type de 
ch^ne de montagnes produites, non par une poussée latérale et des 
phssements, mais par une inclinaison des grands massifs dont nous 
venons de parler Le côté supérieur de ces massifs forme une chaîne 
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de moutagnes et le côté inférieur une vallée. L'exemple le plus frap 
paiit de ce fait est la Sierra Kevada. H se peut que des montagnes de 
ce genre se trouveront dans d'autres endroits, mais probablement très 
modifiées par des érosions subséquentes. 

4. -Coulées de laves. — Dans la Eégion des Plateaux et du Bassin, il 
existe, particulièrement dans le Nord-ouest des États-Unis, d'énormes 
étendues, de 10,000 et même de plus de 100,000 milles carrés, couvertes 
de lave d'une épaisseur de 2,000 à 4,000 pieds, et qui sont formées de 
coulées successives superposées. On a suggéré que cette lave était sor- 
tie, non de cratères, mais des grandes fissures déjà citées. Vous en 
verrez probablement quelques-unes; et vos yeux exercés iK)urront 
déterminer si cette suggestion est bien fondéé||pDe pareilles coulées de 
lave se trouvent aux Indes sur une grande échelle, mais en Europe il 
n'y en a que des débris. 

5. Mouvement continental. — On n'ignore pas que le Quaternaire a 
été l'éi)oque d'un mouvement très étendu de la croûte terrestre dans 
plusieurs régions, mais nulle part il n'a été, ni si grandiose, ni si imxK)- 
sant qu'en Amérique. Les preuves de ce soulèvement se rencontrent 
dans les lits de rivières se continuant sons la mer au delà des rivages 
actuels. Le soulèvement commença à une époque Tertiaire récente, et 
atteignit son point culminant vers le commencement du Quaternaire, 
et son amplitude n'était pas moins de 2,500 à 3,000 pieds. De pareils 
phénomènes se rencontrant sur les deux côtes, il est évident que le 
soulèvement a affecté tout le continent. Les preuves d'un affaisse- 
ment sont très distinctes, mais pas plus qu'en Europe. 

6. Calotte glaciaire. — L'existence d'une calotte glaciaire est liée 
étroitement à ce dernier par son époque et possiblement par son efiet. 
Ceci a été complètement démontré pour la première fois en Amérique. 
Les contours de sa limite la plus éloignée et les temps d'arrêt de sa 
rétrogression ont été tracés pas à pas avec la plus grande exactitude. 

Tels sont quelques-uns des traits caractéristiques de la géologie amé- 
ricaine. Je n'en ai mentionné qu'un petit nombre et seulement ceux 
qui se rapportent à la géologie structurale et dynamique, parce qu'ils 
seront les plus en vue dans le cours d'un trajet rapide. J'ai essayé de 
faire voir que tous ces traits sont liés au développement régulier du 
continent américain. Vous en remarquerez probablement quelques- 
uns. Nous espérons, ou, pour mieux dire, nous sommes certains de 
profiter largement de vos observations éclairées et de votre grande 
expérience. 

Et maintenant, Messieurs les membres du Congrès et particulière- 
ment nos collègues étrangers, au nom d'une grande nation, au nom de 
sa capitale, au nom des savants et surtout des géologues de l'Amérique, 
nous vous saluons et vous souhaitons la bienvenue. 
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La parole est à M. Oabdineb G. Hubbabd, Président de la Société 
nationale de Géographie: 

Messieurs: En ma qualité de président da Comité local d'arrange- 
ments je souhaite la bienvenue aux membres du Congrès International 
des Géologues à l'occasion de son cinquième anniversaire triennal. 

Quatre réunions ont déjà eu lieu, à Paris, à Bologne, à Berlin, et à 
Londres. Celle-ci, la cinquième, rassemble ses membres des nations du 
Vieux et du Nouveau Monde dans la capitale de l'Amérique. Al'artiste, 
à l'antiquaire, à l'archéologue, à l'historien de la civilisation ou des 
époques réculées, l'Amérique a bien peu à offrir. Mais au géologue, 
quel champ vaste et rempli d'intérAt lui ouvre-t-elle ! C'est ici qu'il 
I>eut étudier plus facilement et plus sûrement la base même de notre 
planète. Que sont pour lui les plus grands monuments de l'antiquité, 
les vestiges préhistoriques des habitants de la terre et les imposantes 
cathédrales construites, il y a des siècles, par la main des hommes! 
Pour lui mille ans sont comme un jour. Il cherche les premiers com- 
mencements du monde, avant que les bases des montagnes ne furent 
posées, lorsque ^^ la terre était sans forme et vide, et que les ténèbi-es 
étaient sur la face des eaux." Ici, au Nouveau Monde, jeune dans sa 
civilisation mais vieux par sa formation géologique, il peut tracer, plus 
clairement et avec plus de certitude qu'ailleurs, la structure géologique 
de notre globe, ses longues périodes géologiques variées, et étudier plus 
soigneusement l'étendue, ainsi que les effets, de l'action glaciaire. 

Le Comité d'excursions a réglé l'itinéraire d'un voyage dont, nous 

l'espérons, vous ferez tous partie, car nous croyons qu'il surpassera en 

intérêt général et scientifique ceux qui ont été faits jusqu'à présent. 

Vous visiterez le Niagara, merveilleux par son histoire et sa formation 

géologique, et incomparable par ses beautés et sa grandeur. Vous 

verrez la plus longue chaîne de montagnes qui s'étend, presque sans 

interruption, depuis l'océan Arctique jusqu'à l'océan Antarctique; un 

plateau plus riche en fossiles que toute autre partie du globe. Là se 

trouve le cheval fossil, prototype de son espèce, quoiqu'à l'éi)oque 

de la découverte de l'Amérique il eut déjà disparu du continent. 

Là est située la vallée la plus riche et la plus grande du monde, entre 

les Montagnes Appalaches et les Montagnes Rocheuses, allant du 

oiord an sud et entièrement dans la zone tempérée. Vous irez au 

!Parc du Yellowstone, où M. Hague, qui a passé bien des années à 

l'explorer, vous servira de guide. Près de ce parc, à Butte City, 

«ont les plus grandes mines de cuivre du monde, aussi bien que des 

xolnes d'argent fameuses. Au delà des Montagnes Rocheuses sont les 

:£Ion8 du Comstock, la Vallée de Yosemite et le crâne merveilleux de 

Calavéras, décrit par cet éminent géologue, Bret Harte. M. Gilbert 

^ons conduira à travers le Grand Bassin des Montagnes Rocheuses dans 

la vallée de l'Utah, par le lac Salé et la rivière Jordan, et vous mou- 
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trera les plaines, autrefois déserts arides, qui aujourd'hui fleurissent 
comme uu jardin au milieu desquelles la ville de Zion est si admirable- 
ment placée. M. Emmons sera votre guide pendant le voyage sur la 
ligne du chemin de fer Rio Grande Western, ce qui vous donnera l'oc- 
casion de passer devant la Montagne de la Sainte Croix jusqu'à Lead- 
ville et au '* Divide," situé à une hauteur de 11,000 pieds. En traver- 
sant le grand ]>lateau vous franchirez le Colorado, la rivière de canons 
les plus considérables du monde. A 300 milles plus loin, à l'extrémité 
sud du plateau, vous reverrez le Colorado, qui ne sera pas alors au 
niveau de ce plateau mais à un mille audessous, car dans sa course il 
s'est frayé un chemin h travers les roches à une profondeur de plus de 
5,000 i)ieds. C'est li\ où le Major Powell viendra à votre rencontre. 
Demandez-lui de vous raconter son admirable voyage de la source à 
Tembouchure de cette rivière, i)assant par tous ces caîions et au miUeu 
de tant de dangers, le premier et seul parcours qui ait jamais été fait 
de toute la longueur de ce fleuve. 

Le Nouveau Continent vous souhaite la bienvenue au nom des for- 
mations géologiques les plus anciennes, les plus facilement étudiées, 
ainsi que les plus intéressantes du globe; et vous prie, à votre retour 
dans le Vieux Monde, de lui présenter ses hommages respectueux. 
Nous vous recevons bien cordialement dans la Capitale de notre pays, 
et notre seul regi^et est que cette réunion a lieu pendant nos vacances, 
éiMHiue où le Président et la plupart des membres de son Cabinet sont 
absents. Le ( icological Sur vey fait partie du Département de l'Intérieur. 
lie haut fonctionnaire qui dirige cette branche du Gouvernement, 
l'Honorable John W. Noble, cjue nous honorons tous, se trouve aujour- 
d'hui piu*mi nous. J'ai le plaisir, maintenant, de vous le présenter. 

Le Secrétaire de l'Intérieur se lève et prononce le discours 
suivant: 

Mt'ssieurs les Membres du Congrès International des Géologues: 

Mesdames et Messieurs: C'est de grand cœur que vous êtes 
jK*cueillis aux États-Unis et à Washington par le peuple et par le 
Gouvernement do ce pays. 

Le pn\iet de former votre orgi^nisation a d'abonl reçu son application 
praticiue le jour de l'anniversaii^ de notre Indépendance par la Société 
Anu'ricaine j^mr T Avancement des Sciences à Buffialo, de sorte qu'à 
cette nnmion on \HH\t dire que de nouveau on vous souhaite la bienvenue 
chez vous. Mais quel est le pays qui seul i>eut pn^tendre au droit d'être 
la patrie de la science ou de ceux qui s'y sont dévoués! Il suffit de 
contempler cette vaste asstMnblée, ci>nijH>sce de membres distingniés et 
iUnstivs du Vieux et dn Nouveau Monde, jxnir voir que vous ne pouvez 
ètiv considen's connue des étrangers en aucun lieu où les connaissances 
utiles sont dt^siives et où l'humanité se dévelopi>e. Dans le domaine de 
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bien-être et au progrès de tous, dans ravenir, tous les peuples de la 
terre ne forment qu'une seule famille et que la fraternité et l'intelli- 
gence, non la force ni l'inimitié, soient les sources de notre prospérité 
Puisse votre séjour au milieu de nous vous être agréable; vos 
voyages aux merveilles de notre continent vous fournir des données 
aussi nouvelles qu'intéressantes, et votre retour daus vos patries res- 
pectives avoir lieu sans encombres fâclieux. En terminant permettez- 
moi. Messieurs, de vous le dire une seconde fois: Soyez les bienvenus! 

A la demande du Congrèa,M. J.W.Powell, Directeur du Geological 
Survey des États Unis, fit les remarques suivantes: 

Messieurs les Délégués : Je n'avais pas l'intention de prendre 
la parole en cette occasion. Le Président du Congrès, et M. Gardiner 
Hubbard, le Président du Comité local, vous ont parlé; M. le Secré- 
taire de l'Intérieur vous a souhaité la bienvenue au nom de la nation. 
Que puis-je ajouter de plus aux sentiments qu'ils ont si éloquemment 
exprimés! Rien; à moins peut-être qu'en ma qualité de Directeur du 
Geological Survey des États-Unis et au nom de mes collègnies, il me 
soit permis d'ajouter que c'est avec un vif plaisir et une profonde 
satisfaction que nous vous accueillons ici. 

M. T. McK. Hughes prend la parole: 

Messieurs: Je ne puis résister à l'invitation de répondre aux gra- 
cieuses paroles de bienvenue que M. le Secrétaire de l'Intérieur, et ceux 
qui ont i)arlé avec lui, viennent de i)rononcer. Je suis convaincu 
qu'aucun de nous n'est étranger à la science géologique de ce grra»nd 
pays. La générosité avec laquelle votre gouvernement a doté ses 
splendides institutions scientifiques est des plus surprenantes; et les 
ouvrages qu'elles publient comme résultats de leurs travaux sont dans 
des i)roportions aussi étonnantes. Et en outre, en conséquence de votre 
grande libéralité ù distribuer ces œuvres aux bibliothèques publiques 
de TEurope, nous sommes tous plus ou moins au courant du mouve- 
ment géologique de ce pays. Tout récemment encore nous fûmes 
surpris de recevoir un grand volume in-octavo, qui contenait la descrip- 
tion détaillée des travaux qui se faisaient ici. Il nous est impossible. 
Messieurs, de lire aussi rapidement que vous écrivez. 

Nous éprouvons une douce émotion en contemplant la noble capitale 
de cette grande Eépublique, qui a été le port de salut d'un si grand 
nombre de personnes appartenant à toutes les nationalités représen- 
tées ici. 

Je n'ignore pas que dans ces dernières années vous avez eu quelques 
difficultés au sujet des émigrants, craignant qu'il n'en débarque trop 
sur vos rives hospitalières; mais je suis convaincu que ces émigrants 
géologiques, bien que j'aie entendu dire que des arrangements aient 
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été faits pour les envoyer dans l'Ouest, finiront par retourner à Wash- 
ington. 

Au nom de mes compatriotes et de beaucoup d'amis de toutes les 
I)arties de l'Europe rassemblés ici, permettez-moi de vous offrir nos 
remercîments les plus sincères pour votre accueil bienveillant, et pour 
les aimables paroles qui l'accompagnaient. 

M. Albebt Gaudby s'exprime dans les termes suivants : 
Les géologues qui parlent la langue française me chargent de remer- 
cier le Gouvernement des États-Unis, la ville de Washington et tous les 
savants américains pour leur bonne hospitalité. Parmi tant de mer- 
veilles qu'a vu notre dix-neuvième siècle, une des plus grandes, assuré- 
ment, est le développement actuel des États-Unis. A côté des hommes 
qui se vouent à l'agriculture, au commerce, à l'industrie, enrichissant 
ce x>ays et s'enrichissant eux mêmes, il y a ici des savants désintéressés. 
Us s'exposent à toutes les fatigues, compromettant parfois leur santé, 
leur fortune; ils vont partout, jusque dans le cœur des Montagnes 
Kocheuses, là où il y a quelque nouveauté à découvrir: nous sommes 
heureux de serrer la main de tels hommes. Du reste, Messieurs, vous 
n'êtes pas des inconnus pour nous. Grâce à la générosité avec la- 
quelle vous distribuez vos magnifiques volumes, la géologie américaine 
est devenue internationale. Depuis longtemps, nous vivons avec vos 
livres, nous sommes confidents de vos pensées scientifiques; en arri- 
vant ici nous croyons trouver de vieux amis. Merci pour votre généro- 
sité, qui nous a initiés à vos belles découvertes avant que nous soyons 
venus les voir sur place. 

M, LeConte annonce que le Congrès se réunira le lendemain à 11 
heures du matin, et déclare la séance levée. 
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Deuxième Séance — Jeudi 27 août 1891. 

[Présidence du Prof. Joskph LeCoxte.] 

La séance est ouverte à 11 heures 40 minutes du matin. 

Aucun rapport n'ayant été présenté par les comités, la question mise 
à Tordre du jour est la claHsificaUon génétique des dépôts j^léistocènes. 

M. Chamberlin ouvre la discussion en démontrant qu'il est possible 
de classifier ces di'îpôts d'après trois bases: 1® Structurale; 2® Chrono- 
logique; et 3*» Génétique. Ensuite il explique en détail une brochure 
imprimée, exposant son système de classification génétique, qui avait 
été préalablement distribuée aux membres du Congrès. 

M. Gaudry prend la parole, et dit que dans le bassin de Paris il y a 
deux horizons distincts qui se distinguent par des faunes différentes; 
l'un indique un climat froid> et l'autre un climat chaud. Cependant, 
nos géologues n'ont pas pu déterminer laquelle de ces deux faunes a 
précédé l'autre. En Angleterre il y a les mêmes divergences de vues. 
En Allemagne il n'existe qu'une faune quaternaire qui indique uu 
climat froid, tandis (lu'en Italie la faune du climat froid est absente. 

M. Credner dit que la plaine du nord de FAllemagne contient des 
dépôts étroitement liés à ceux du Pléistocène d'Amérique, et que la 
classification du Vvof. Chamberlin est admirable et parfaitement appli- 
cable à l'Allemagne. 

M. DE CtEER api)rouve la^classification propos^epar le Prof. Chamber- 
lin. PtMidant bien des années, il a appuyé l'adoption d'une classifica- 
tion de ce genre pour la Scandinavie. On pourrait suggérer quelques 
légères modifications afin de l'adapter aux conditions Scandinaves; 
telles que, par exemple, faire une classe séparée pour les dépôts marins; 
et réduire, i)eut-ètre, les classes IV et V du Prof. Chamberlin en sub- 
divisions de la classe III, puisque les formations semblent être fré- 
quemment accidentelles ou locales. Il approuve la distinction sug- 
géive entre les Œsars et les Kames: les premiers sont généralement 
radiaux et les seconds i>ériphérique8, eu égard à la distribution de la 
calotte glaciaire. 

M. IIUGIIKS expli(|ue que les classifications chronologiques et géné- 
tiques sont i)lus (ui moins théoriciues. Leur valeur dépend de l'exacti- 
tude avec la(|uelle on interprète l(»s caracti*res structuraux et autres, y 
comprenant la paléontologie, et tout ce qui se peut observer directe, 
ment. Los conclusions de ]M. (iaudry amènent à une classification 
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chronologique qui n'est pas incompatible avec celle de M. Chamber- 
lin^ c'est-à-dire que dans d'autres régions des dépôts aussi divergents 
en structure peuvent être synchroniques et leurs différences peuvent 
provenir de différences d'origine. 

Il exprime l'opinion que ce (lue l'on appelle la période glaciaire, en 
Angleterre au moins, à été unique et continue, interrompue seulement 
par des oscillations. Ces oscillations étaient semblables en nature à 
celles que l'on peut observer aujourd'hui au bout du glacier du Rhône 
ou d'une autre masse de glace pareille, mais différaient en degré à raison 
des quantités beaucoup i>lua grandes et des espaces de temps beaucoup 
plus longs dont il s'agit, lorsqu'on étudie les traces des conditions gla- 
ciaii*es précédentes dans les climats tempérés. Sans citer les cas par- 
ticuliers dont il a parlé ailleurs, il croit que le placement erroné de cer- 
tains dépôts (par exemple, de dépôts paléolithiques) aux époques prégla- 
ciaires et interglaciaires provient d'errenrs dans la classification géné- 
tique. Des couches remaniées contenant souvent des débris de dépôts 
glaciaires plus anciens ont été ainsi considérées à tort comme d'origine 
glaciaire directe. 

Se reportant à l'origine du ^'boulder clay," il explique un phénomène 
que l'on déjà cité — c'est à-dire que dans une partie du drift glaciaire 
on trouve des blocs striés en abondance, tandis que dans une autre partie 
du même dépôt il n'y en a point. Si la glace dépasse la source des 
matières solides (c'est-à-dire, les roches qui s'élèvent au-dessus de sa 
surface) alors tous les débris qui sont tombés sur sa surface s'enfoncent 
graduellement à travers les crevasses, etc., et deviennent striés au fond 
de la glace. Mais si le drift est formé principalement de matières qui 
ont été transportées sur la glace, comme dans le cas de glaciers très 
courts, alors il n'y aura que très peu de galets striés. 

Il pense aussi que les noms de ôsarsj Eskers et Kames étaient appli- 
qués au moins à deux types distincts d'accumulation de matières, sou- 
vent primitivement d'origine glaciaire; mais comme ces noms n'étaient 
que des termes équivalents et généraux, dans des langues différentes, 
lH)ur les mêmes classes de phénomènes, il préférait employer un terme 
qualificatif, tel que ^-radial-Kame," etc., au lieu de donner à un mot 
vieux et suranné un sens nouveau et restreint. Il explique les creux 
dans les "pitted plains" comme dûs à des interruptions entre les col- 
lines et chaînons du drift Esker. 

M. Wahnschaffb appuie la classification chronologique, et la con- 
sidère comme applicableauxdépôtsquaternairesdu nord de l'Allemagne. 
Ces dépôts commencent par des sables et des graviers pré-glaciaires 
contenant la Paludina diluvianaj qui est une forme encore vivante, 
et des Lithoglyphus naticoides. Au-dessus d'eux vient une moraine 
de fond typique, couverte de sables et de graviers stratifiés, renfer- 
mant la faune diluvienne bien connue; et à celle-ci succède ensuite le 
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"till^ supérieur, considéré aujourd'hui comme moraiue de fouddela 
seconde époque glaciaire. 

M. Credner fait observer que la présence du sable entre deux 
moraines de fond indique un mouvement rétrograde, et une seconde 
avance de la glace. En Allemagne les sables ainsi intercalés sont 
toujours d'une étendue limitée, et ne prouvent pas l'existence d'une 
véritable époque in terglaciaire. Les couches de sable entre les moraines 
ne sont pas continues, mais locales. Ou ne peut donc leur donner la 
signification qui leur est attribuée par M. Wahnschaffe. 

M. P A VLOW demande la permission de faires quelques remarques géné- 
rales sur les principes de la classification en question. Il &ut d'abord 
s'entendre sur ce que nous comprenons sous le nom de Pléistocène. 
Est-ce seulement l'époque glaciaire, ou faut-il y comprendre tous les 
dépôts formés depuis le Tertiaire jusqu'à présent! Dans le dernier 
cas, il serait utile d'établir quelques subdivisions fondamentales, et de 
renoncer pour quelque temps aux détails. Ensuite il faut déterminer 
ces subdivisions principales. Si l'on veut les établir sur une base chro- 
nologique, on soulèvera les questions d'une ou de plusieurs périodes 
glaciaires, etc. Mais nous sommes ici pour discuter la classification 
génétique des dépôts pléistocèn es; et ses subdivisions fondamentales 
doivent être basées sur les agents principaux qui ont pris part à la 
formation de ces dépôts. Non seulement la glace, qui est sans doute 
le plus important, mais aussi les courants d'eau, les eaux stagnantes et 
la végétation des tourbières, les neiges, les pluies et les averses, etc. 
Il voudrait exposer les résultats de ses études sur les dépôts quater- 
naires de son pays, et la classification qui y est en usage; mais d'abord, 
il préfère écouter les opinions de ses collègues sur les questions géné- 
rales qu'il a exposées. 

M. DE Geer est d'accord avec M. Wabnschalfe, que la classifica- 
tion chronologique est, du moins localement, possible. Il reconnaît 
aussi deux époques glaciaires, qui sont dues à deux grandes oscilla- 
tions. Celles-ci ne peuvent pas toujours être séparées, comme en Bussie 
par exemple. C'est pourquoi il vaudrait mieux commencer par une 
classification génétique, puisqu'elle est moins embarrassante à appliquer 
sur le terrain. 

M. Wahnschaffe, répondant à l'assertion de M. Credner, qu'il n'y a 
pas de preuve d'une période inter-glaciaire dans le nord de l'Allemagne, 
lieuse qu'une faune diluvienne entre les deux ^*tills" est une preuve 
suffisante. 

M. Credner fait observer qu'on n'a pas trouvé de squelette complet, 
mais seulement des ossements épars qui ont pu être charriés et déposés 
avec les graviers. 

M. Wahnschaffe répond que les ossements trouvés dans ces graviers 
sont relativement volumineux comparés aux graviers eux mêmes; 
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et que, pour cette raison, ils n'ont pas pu être transportés d'une grande 
disUmce. 

M. Shaleb dit qu'il est possible que des dépôts organiques se ren- 
contrent très près de la nappe de glace, ce qui permet un entrelace- 
ment de déi>ôts organiques et glaciaires. 

M. GiLBBET remarque que I. C. Russell a fait l'observation qu'en 
Alaska, où le mouvement de la glace est très lent, elle peut être 
recouverte de terre végétale, et même de forêts dans lesquelles des 
animaux, tels que les ours, existent de nos jours. 

M. DiENEB dit qu'il ne voit pas une preuve positive de périodes 
interglaciaires dans les couches de sable intercalées. Dans les Alpes 
autrichiennes, des moraines, qui ne datent pas de plus de vingt ans, 
sont couvertes de pâturages, et dans le Caucase, les rhododendrons 
poussent an bord même de la glace. 

M.HoLST signale deux moraines qui sont séparées par du sable inter- 
calé; et il i)ense qu'elles ont pu être formées, toutes les deux, par la 
même nappe de glace. La fonte de la glace laisse une moraine de fond 
non-oxydée (bleue), couverte d'une moraine supérieure oxydée (jaune). 
Ceci se rencontre aussi dans le nord de la Suède, où il n'y a pas d'in- 
dication de mouvement rétrograde de la glace. 

M. DE Geer remarque qu'il ne comprend pas comment trente ou qua- 
rante pieds de sables stratifiés i>euvent se trouver entre deux moraines 
d'un même glacier. Les couleurs sont quelquefois le contraire de celles 
qui ont été citées par M. Holst, et les blocs dans les deux moraines 
sont de provenances différentes. 

M. Chbistie décrit la coupe de tourbe et de boue glaciaire (silt), 
comprise entre deux couches de " till," qui se trouve sur les bords delà 
rivière Clyde, au-dessus de Glasgow. 

M. Cadell fait une description de cinq couches distinctes de "till" 
qui se trouvent dans le fond préghwiaire d'une rivière dans l'est de 
l'Ecosse; il mentionne un autre lit de rivière rempli de gravier grossier, 
provenant des roches qui se rencontrent plus au nord dans PÉcosse, 
gravier qui a été couvert d'une couche jilus récente de " boulder clay." 

M. McGee insiste sur l'importance de la configuration du sol pour 
l'interprétation des procédés géologiques. Toute classification primaire 
doit être génétique. Il discute ensuite, d'une manière détaillée, le 
système de classification des dépôts pléistocènes qui suit : 

Classification des formations pléistocènes. 

A. Aqueuses: 

1. Au-dessous du niveau de base (base-level). 

a. Marines. 

6. D'estuaires. 

0. Lacustres. 
451 GB 5 
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2. Au niveau de base. 

a. Littorales. 

b. Marécageuses. 

c. Alluviennes (certaines terraces, etc.). 

3. Au-dessus du niveau de base. 

a. Torrentielles. 

b, Éboulis (y compris les playaa), 

B. Glaciaires: 

1. Directes. (Chamberlin, classe I.) 

2. Indirectes. (Chamberlin, classes II à V en mirtie.) 

C. Aqueo-glaciaires. (Chamberlin, classes II àV en partie.) 

D. Éoliennes. (Chamberlin, classe VI (f ).) 

E. Volcaniques: 

1. Directes. 

a. Coulées de lave. 

b. Cônes de cendres. 

c. Tufs, couches de lapilli, etc. 

2. Indirectes. 

a. Couches de cendres. 

b. Couches de lapilli. 

M. Cham:berlin, en terminant la discussion, dit que l'application 
d'une classification chnmologique est très difficile, et qu'une telle clas- 
sification pourrait même être un obstach^ aux observations et à la 
recherche du vrai. Cette classification est le dernier but des études 
glaciaires, mais nous ne sommes pas encore en mesure de l'atteindre. Les 
sous-sols rouges et oxydés ne sont pas développés dans les latitudes 
du nord. Les dépôts organic^ues entre les couches glaciaires sont 
abondants dans l'ouest, mais ne sont pîis restreints i\ un seul niveau. 
Beaucoup de faits d'érosion et de géologie physicpie indiquent que la 
période glaciaire en Amérique a été largement différenciée et d'une 
durée prolongée. Combien d'époijues distinctes elle a embrassé, c'est 
ce que nous ne savons pas encore. 

M. CoPE dit qu'une aboiidante faune tropicale se trouve dans les 
couches ù "P](iuus" qui, si elles appartiennent à une époque iutergla- 
ciaire, indiciuent pour cette époque un climat très chaud. A cette 
faune en succède une autre vraiment boréale. Ici l'on trouve tous les 
matériaux nécessaires pour faire une subdivision chronologique des 
dépôts pléistocènes. 

Les Secrétaires^ 
Le Président, C. DiENEB. 

J. LeConïe, g. h. Williams, 
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Troisième Séance — Vendredi 28 août 1891. 

[Présidence de M. LeContk.] 

La séance est ouverte à 11 heures 40 du matin. 

M. Emmons annonce que le procès- verbal de la dernière séance est 
imprimé et prêt à être distribué à chacun des membres du Congrès, 
et propose, afin d'éviter de perdre du temps inutilement, que Ton se 
dispense de la lecture par le Secrétaire; mais que les membres soient 
priés de lui transmettre par écrit les corrections qu'ils désirent faire à 
leurs remarques, pour être insérées dans le compte-rendu final, et que, 
s'il n'y a aucune objection, le procès-verbal imprimé, sujet toutefois à 
ces corrections, soit considéré comme étant adopté. 

Le procès- verbal est adopté, après corrections du Prof. Pavlow et du 
Dr. Holst. 

La question mise à l'ordre du jour est la corrélation chronologique des 
roches clastiques. 

M. PowELL annonce qu'une série de mémoires sur la corrélation 
des roches a. été préparée, comme bulletins du Geological Survey, et 
qu'ils seront distribués aux membres du Congrès aussi rapidement 
que les exemplaires viendront de chez l'imprimeur. 

M. Hughes remarque que la question de classification et de nomen- 
clature des roches cambriennes et siluriennes avait été discutée, mais 
non amenée à une conclusion, par le Congrès précédent. Cette ques- 
tion implique aussi la discussion de la priorité d'une détermination 
correcte de la succession et du groupement, qui doivent être sujets 
aux mêmes règles applicables à d'autres nomenclatuies systématiques. 
Il ne croit pas qu'il y ait aucun fait nouveau qui l'affecta sérieusement, 
et comme il a donné ses opinions tout récemment dans la "Vie de Sedg- 
wick," pour sa part, il ne veut pas forcer le Congrès à considérer la 
question, surtout en l'absence de ceux qui s'opposent à ses vues. 

M. Gilbert ouvre la discussion en présentant une classification 
générale des méthodes de corrélation. 

Les couches sont classées localement par la superposition en séquence 
chronologique. La corrélation géologicpie est la chronologie des couches 
qui ne sont pas en séquence visible. Pour faciliter la discussion, les 
méthodes de corrélation sont arrangées en dix groupes dont six phy- 
siques et quatre biotiques. 
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Méthodes physiques de corrélation. 

1" Par continuité visible. — L'affleurement d'une couche est trac^ d'un 
point à l'autre, et les différentes i)arties sont mises en corrélatioD les 
unes avec les autres. 

2*» Par similitude lithologique. Cette méthode, autrefois si répan- 
due, est employée (luand les distances sont courtes. 

3® La (corrélation par la similitude de séquences lithologiques est d'un 
usage important quand les localités comparées se trouvent dans les 
limites de la niOme province géologique; mais elle n'est pa« sûre, eu 
passant d'une province à une autre. 

4** La corrélation par les dislocations ou discordances de stratification 
est d'un usage limité, surtout si on l'emploie avec d'autres méthodes. 
L'habitude de s'en servir, dans le cas où les localités sont éloignées les 
unes des autres, donne lieu à des doutes. 

5* Les dépôts peuvent aussi être mis en corrélation par leurs rap- 
ports simultanés à quelque événement physique^ comme, par exemple, une 
plage soulevée avec les dépôts lacustres qu'elle entoure; une plaine de 
niveau de base (base level) avec une couche subaqueuse adjacente; et 
les dépôts alluviens, littoraux et subaqueux qui se trouvent dans des 
relations topographic^ues convenables. La corrélation des dépôts gla- 
ciaires du Pléistocène s'appuie largement sur un épisode climatique qui 
est supposé avoir été i)roduit par une cause générale quelconque. 

6" La corrélation des couches i)eut se faire par la comparison des 
changements qu'elles ont subies î\ la suite de certains effets géologiques 
que l'on croit continus. Les anciens et les nouveaux dépôts glaciaires 
dans des régions différentes peuvent être raccordés selon l'étendue 
relative de l'érosion et de la désagrégation atmosphérique qu'ils ont 
subies. L'induration et le métamorphisme semblent fournir des preuves 
d'ancienneté, mais elles doivent céder aux évidences d'un autre genre. 
Le métamorphisme occupe une place imi)()rtante dans la corrélation des 
roches précambriennes auxquelles la plupart des autres méthodes ne 
sont pas applicables. 

Ces méthodes physi(|ues se modifient selon la distribution géogra- 
phique des climats et des procédés de changement géologiques. 

Méthodes hiotiques de corrélation. 

7® Tlne faune ou une flore nouvellement découverte est comparée à 
une série typique de faunes ou de flores au moyen des espèces qu'elle 
possède en commun avec chacune d'elles. 

8* Elle est aussi comparée au moyen des formes représentatives, ou 
par genres et familles. 
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n présente un tableau chronologique des terrains de l'Amérique basé 
sur leurs vertébrés fossiles et où il y a été tenu compte de toutes les 
découvertes récentes. 

M. Hughes parle de la tendance actuelle et croissante vers une classi- 
fication naturelle, prenant la place des systèmes artificiels basés sur un 
seul caractère ou un seul groupe d'animaux ou de plantes. Les preuves 
sont complexes et embrassent une variété considérable de rapports 
divers. Il fait voir les exceptions aux conclusions normales déduites 
de la superposition, des caractères litbologiques et de la similitude 
des séries. Il nous faut un système de critéria si variés que, si l'an 
d'eux ou plusieurs manquaient, nous puissions en employer d'autres. 
Tous les genres de preuves sont utiles; i)ositive8, négatives et circon- 
stancielles. 

11 n'est pas d'accord avec ceux qui veulent déprécier la valeur des 
plantes fossiles comme moyens de corrélation. 11 est vrai que dans 
l'état actuel de la science il est difficile de s'en servir, parce que nous ne 
trouvons presque jamais que des fragments de plantes. D'autre part 
lorsqu'on ne trouve que des débris de coquille causés, ou d'ossements, 
le m^iue doute n'existe-t-il pas! La difficulté n'est pas inhérente à la 
nature des fossiles, mais à leur état de conservation, qui est ordinaire- 
ment très imparfait. 

M. PowELL insiste sur la nécessité de la spécialisation -pour les géo- 
logues qui s'occupent de la corrélation. Les preuves dérivées des faits 
biotiques et physiques pourraient ai)paremment ne pas être d'acconl, 
mais, pour que l'on puisse obtenir un résultat satisfaisant, il faut que 
ces deux genres de preuves soient en harmonie. 11 démontre, par son 
expérience personnelle, comment l'identification de formations syn- 
chroniques pourrait être faite sur une grande étendue en employant 
concurremeut les méthodes physiques et bioti(jues. 

M. McGee remarque que dans la plaine côtière (coastal plain) des 
Tîtats-Unis on n'emploie qu'une corrélation physique. Les bases s'ac- 
cordent avec celles qui ont été escjuissées par M. Gilbert, sauf quelques 
légères modifications et une addition importante, ainsi qu'il suit: 

C Continuité visible. 

Pour la corrélation locale ^ Similitude lithologique. 

( Similitude de suites. 

Vouv la corrélation dans une pro- ( T)i8U)cations orogéniques considérées 
I < comme indices de géographie et de 
( topographie. 

(Rapport avec les incidents physiques^ 

l'<..if la <!orrélatioii avec les pro- ) ^ oomprix lej< mouvemenU conti 

aux^ la configuration des terres, 
etc. 
l'iMir la corrélation générale Uomogvnie ou identité (Vorigine. 
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dévonieunes, et même carbonifères, sont devenues aussi eoiuplètement 
cristallines, par suite de certaines conditions physiques, que les plus 
anciennes roches de l'Ouest. Puisque les preuves biologiques font 
défaut pour établir la corrélation des roches précambriennes, et puis- 
que la similitude des caract.ères physiques ne justifie pas la corrélation 
des séries de roches dans les localités très éloignées, on a jugé néces- 
saire d'abandonner l'usage des noms tels que ^^Huronian " et ^^Kewee- 
natcauj'" comme termes universels. Les vestiges des êtres organiques 
ne manquent pas dans les roches précambriennes, et il faut espérer 
que les paléontologistes réussiront à différencier plusieurs périodes 
au-dessous de la cambrienne, comme celle-ci Fa été de la silurienne. 

Les Secrétaires^ 

C. Ddener, 

G. H. Williams. 
Le Président^ 

J. LeContb. 
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Quatrième Séance— Samedi 29 août 1891. 

[Présidence de M. Gaudry, pais de M. von Zittel.] 

La séance est ouverte à 10 heures du matin. 

M. Emmons présente le procès- verbal imprimé de la dernière séance, 
qui est adopté, après corrections verbales du professeur von Zittel et 
de M. Van Hise. 

M. Delaire, au nom du prince Roland Bonaparte, présente deux 
communications, au sujet des phénomènes du glacier d'Aletsch, et d'une 
excursion géologique en Corse. 

M.Ch. Barrois, au nom de M, Michel- Lévy, présente une communi- 
cation relative à l'histoire géologique des volcans de l'Auvergne, con- 
tenant une classification des roches éruptives représentées par des 
symboles. 

La discussion sur la corrélation est ensuite reprise. 

M. Hllgard insiste sur l'importance de l'abondance ou de la rareté 
des espèces pour la corrélation des couches. Il pense qu'une évaluation 
du nombre des espèces devrait être faite. Il est aussi d'avis que, com- 
parées à la faune marine, les plantes ont peu de valeur pour la corréla- 
tion, en raison de leur distribution locale, de leur proximité accident- 
eUe à l'eau, de leur transport et de leur conservation. Les plantes ne 
X>euvent être employées que quand de grandes étendues auront été 
étudiées. 

M. VON Zittel est appelé à prendre la présidence. 

M. Ward continue la discussion dans laquelle il développe deux des 
principes les plus généraux de corrélation au moyen de plantes fossiles, 
comme suit: 

I. Que les grands tjrpes de la végétation sont caractéristiques des 
grandes époques géologiques. 

Ce principe est applicable en comparant les dépôts d'âges différents, 
considérablement séparés, quand la stratigraphie n'est pas décisive. 
Par exemple, un petit fragment d'une plante carbonifère prouve con- 
clusivement que les roches dans lesquelles elle se trouve sont paléo- 
zolques, ou bien, encore, une simple feuille dicotylédone établit qu'elles 
doivent être aussi récentes que la période crétacée. 

II. Que pour des dépôts qui ne sont pas d'un âge si différent, comme, 
par exemple, lorsqu'ils sont dans le même système, ou dans la même 
série géologique, beaucoup de matériaux sont nécessaires pour fixer 
leur position au moyen des plantes fossiles. 



•<■ 
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L'oubli de ce principe a été la cause de beaucoup d'erreurs faites par 
les paléobotauistes, et a contribué le plus à discréditer la paléobota- 
nique. Les géologues ont fait des demandes extravagantes aux paléo- 
botanistes^ qui à leur tour ont fait violence à la vérité en essayant d'y 
satisfaire. D'un autre côté^ lorsque les matériaux sont abondants, les 
plantes fossiles ont souvent corrigé les erreurs stratigraphiques, et ont 
résolu des problèmes relatifs à l'âge géologique, dont la solution parais- 
sait impossible par d'autres genres de preuves, 

M.Walcott explique la corrélation des roches cambrieunes de l'Amé- 
rique du Nord en se servant de deux grandes cartes. Les principes 
suivis aujourd'hui, dit-il, sont les mêmes qui furent employés par le 
Geological Survey de New York avant 1847: à part que ces prin- 
cipes ont été tant soit peu modifiés par la théorie de l'évolution. Les 
données physiques et biotiques sont toutes les deux utiles dans la cor- 
rélation des roches cambrieunes des provinces de l'Atlantique, des 
Appalaches, des Montagnes Eocheuses, et du Bassin intérieur. Dans 
toute la province des Appalaches, les données physiques suffisent à 
établir la corrélation du Cambrien inférieur depuis le Vermont jusqu'à 
l'Alabama, mais elles sont insuffisantes pour un raccordement avec 
celui qui se trouve dans la vallée du Saint Laurent. La corrélation des 
dépôts du syiiclinorium des Appalaches, avec ceux de celui des Mon- 
tagnes Rocheuses, a été faite exclusivement par des données biotiques; 
et, pour la grande étendue du Cambrien supérieur sur tout le continent, 
les données biotiques ont servi pour la corrélation de celui des Mon- 
tagnes Rocheuses avec ceux de l'intérieur et des Appalaches. 

Les corrélations qui ont été faites indiquent que, pendant la période 
du Cambrien inférieur et moyen, un grand continent existait dans 
l'Intérieur; et que les sédiments cambriens s'accumulèrent dans des 
dépressions à l'ouest des Appalaches et des Montagnes Rocheuses. 
Pendant le Cambrien supérieur, l'intérieur du continent s'affaissa sous 
l'océan et les grès du Cambrien supérieur y furent déposés, en même 
temps que les calcaires cambriens des provinces des Montagnes 
Rocheuses et des Appalaches. Les résultats de ces corrélations 
ajoutent un chapitre nouveau à l'histoire de l'évolution du continent 
nord-américain. 

M. llALL fait mention des difficultés que l'on rencontra, même dans 
l'État de New York, à l'épociue des premiers essais de corrélation des 
roches. Il insiste sur l'importance qu'il y a à considérer, et les carac- 
tères ])bysiques, et les faunes des couchés. Dans certains cas cepen- 
dant, les caractères physiques des roches changent considérablement en 
passant d'une région à une autre: les grès sont remplacés par des cal- 
caires, et les calcaires se transforment en schistes; l'épaisseur des couches 
peut aussi varier beaucoup. Les fossiles sont d'une valeur inégale dans 
les corrélations de ce genre; les Lamellibranches sont des formes qui se 
trouvent près des côtes, mais n'existent pas dans les eaux profondes; 
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c'est pourquoi elles ne sont pas aussi utiles pour la corrélation que les 
Brachiopodes, dont la distribution est plus répandue. 

M. H. S, Williams insiste sur les rapports des espèces avec les con- 
ditions de dépôt. L'abondance d'une espèce varie avec le milieu, et 
l'étude de la corrélation devrait comprendre celle de ces conditions. 
Les grès déposés près des rivages peuvent avoir une faune diflférente 
de celle d'une calcaire qui a été déposée en même temps mais loin des 
côtes; et un changement de faune peut être occasioné par les condi- 
tions du dépôt même. L'âge des coucbes devrait être déterminé par la 
comparaison des espèces du même genre, plutôt que par celle des genres 
différents. Il y a des centres d'abondance qui montrent une grande 
variabilité dans leurs caractères; en dehors de ces centres les espèces 
présentent des variétés qui pourraient être appelées extra-limitrophes, 
et qui ne sont pas typiques, quoiqu'elles aient été souvent publiées 
comme types. 

M. Frech dit que dans la comparaison de la faune du Paléozoïque 
moyen de l'Europe avec celle de l'Amérique du Nord, il se trouve deux 
points d'un intérêt spécial : 

A. L'identité de quelques horizons comparativement petits. 

B. Les différences bien plus grandes qui existent dans ces mêmes 
couches. 

Les faunes semblables sont: 

1. Celles du Niagara et des schistes de Wenlock. 

2. La Bhynchonella des calcaires de TuUy, et les Oouiatites des 
couches soi-disant de Naples, dans le Dévonien supérieur. 

3. Les Oouiatites à la base du Carbonifère dans l'Ëtat de l'Iowa, en 
Espagne, et au centre de l'Allemagne. 

Les fossiles d'Hamilton sont d'un intérêt particulier, parce que nous 
avons sur le Bhin, dans ce qu'on appelle les Lenneschieferj une faune 
avec le même faciès. Mais, quoique ces roches fussent déposées dans 
des conditions semblables, le nombre d'espèces identiques dans les deux 
pays est très petit; et il y a beauex)up de genres dans chacun d'eux qui 
ne se trouvent pas dans l'autre. Tout le Dévonien inférieur manque 
dans la Russie d'Europe et une partie aussi dans le centre de l'Alle- 
magne; mais le grand changement physique, qui vint après, explique 
Suffisamment les différences qui caractérisent la jonction du Dévonien 
et du Silurien. 

M. Ch. Babbois ne croit pas qu'il soit possible de comparer en détail 
les formations paléozoïques de l'Europe et de l'Amérique. Quelques 
allies individuelles de la série américaine peuvent être raccordées avec 
les niveaux européens, mais il est presque impossible d'établir particu- 
lièrement l'identité d'autres niveaux qui leur sont adjacents. 

M. Van Hisb parle de la distribution, du caractère et de la succession 
des sédiments précambriens de l'Amérique du Nord. Toutes les 



76 PROCÈS-VERBAUX DES SÉANCES. 

roches d'une date antérieure à la faune Olenellus sont considérées 
comme étant précambrien nés. Elles renferment d'épaisses couches de 
schistes charbonneux, des fossiles variés et distincts, et beaucoup d'au- 
tres indices d'une vie exubérante. Si l'on parvient jamais à y trouver 
une faune qui sera aussi différente peut-être de la faune cambrienne que 
celle-ci l'est de la faune silurienne, il y aura lieu de lui donner un autre 
nom. Il existe dans beaucoup de régions de l'Amérique des roches sédi- 
mentaires précambriennes de grande épaisseur et i)eu altérées. Dans 
un nombre considérable de localités, ces roches ont été séparées en 
séries par des discordances de stratification très générales, et ces séries 
ont été ensuite divisées en étages. Les régions précambriennes les plus 
importantes sont le lac Supérieur et le lac Huron, l' Arizona centrale, 
le New Brunswick, la Terre Neuve, et la partie sud-ouest du Montana. 
Comme exemjile démonstratif de ces successions, on i)eut citer la pre- 
mière. Dans cette région l'ordre descendant est: 

1® Le grès du lac Supérieur (Potsdam), discordance de stratification; 

2® Keweenawan, discordance; 

3® Huronien supérieur, discordance; 

4® Huronien inférieur, discordance; 

6° Base de roches cristallines. 

Chacune de ces séries est divisée en plusieurs étages. 

Dans une même région il est possible de faire la corrélation des séries 
et des étages sur une base physique. Dans des régions diflférentes, 
les séries présentent des caractt^es lithologiiiues variables ainsi que 
des successions dissemblables. En raison de l'absence d'une faune 
précambrienne bien connue il est impraticable, à présent, de faire des 
corrélations dans les régions très éloignées. De là le terme Algonkien, 
qui a ét^ proposé par le U. S. geological survey comme devant 
embrasser toutes les roches clasticiues ])réeambriennes. Aucun géo 
logue praticien en Amérique ne soutient aujourd'hui l'indivisibilité 
du précambrien dans toutes les régions. Si les conclusions qui précè- 
dent sont correctes, la théorie de la succession invariable, supportée 
par llunt et développée presque entièrement dans le laboratoire, n'a 
aucune valeur. Qu'elle est inexacte sur un ou ])lusieurs points fonda- 
mentaux, c'est là un fait démontré par l'ordre des roches observé dans 
chaque régicm où il existe des successions assez complètes. 

M. PuMPELLY contirme les conclusions de M. Van Ilise en ce qui 
concerne ses propres observatii>ns sur les terrains citc^s. Il réfère par- 
ticulièrement à celles qu'il a faites dans les Montagnes Vertes, où, dans 
une localité, le métamorphisme a complètement masqué le caractère 
originel des roches et, ])ar suite, rendu impossible une corrélation par 
les caractères litholoo^icines. Comme exiMnple, il cite une formation 
qui est un quartzite sur un point, un gneiss blanc contenant des fels- 
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d'une espèce comme aussi imi)ortante que son abondance pour établir 
la corrélation. 

M. Van Hise explique qu'en Europe on n'a pas souvent fait de 
distinction entre l'Algonkien et l'Archéen parce que là, comme dans 
les Appalaches, il y a en, à plusieurs reprises, de forts mouvements 
dynami(]ues plus récents. 

M. CoPE ajoute que la vie organlcjne dans ses progrès sur la terre 
diffère des minéraux et des roches en ce qu'elle possède des lois, ce 
qui lui donne un élément d'indépendence. 

Des annonces sont faîtes par le Secrétaire, M. Emmons, et la séance, 
levée à 1 heure, est ajournée au lundi 31 août, à II heures du matin. 

Les Secrétaires j 
F. Fbbch, 
J. G. Brannër. 

Le Président pro tem,^ 

K. VON ZiTTEL. 
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Cinquième Séance — Lundi 31 août 1891. 

[Présidence de M. Jamks Hall.] 

La séance est ouverte à 11 beures 25 minutes du matin. 

M. Emmons présente le procès- verbal de la dernière séance, qui est 
adopté; il fait aussi des annonces relatives aux excursions, etc. 

La question mise à l'ordre du jour est celle des gammes de coloriage 
générales et d'autres procédés graphiques. 

M.P0WEI.L montre un tableau sur lequel est représentée la gamme de 
coloriage dont se sert le Geological Survey des États-Unis; il en explique 
les méthodes, et donne les raisons de leur application. Les couleurs 
adoptées pour les roches d'époques différentes sont: 



Période. 



1. Néocène 

2. Éocène 

3. Crétacée 

4. Jura- Trias . . 

5. Carbonifère. 

6. Dévonienne. 

7. Silnrienne . . 

8. Cambrienne. 

9. Algonkienne 



Couleur. 



Orange 

Jaune 

Jaune vert 
IJleu vert . 

Bleu , 

Violet 

Pourpre .. 

Rose 

Rouge 



Marque. 



N. 

£. 

K. 

T. 

C. 

D. 

S. 

C. 

A. 



Les couleurs sont emx)loyée8 pour désigner les périodes géologiques, 
et les hachures ou signes coloriés Indiquent les assises (formations) 'y 
quant aux divisions d'ordre inférieur, la distinction en est ordinaire- 
ment reléguée dans le texte. Le nombre de signes x>our désigner les 
assises peut être augmenté indéfiniment, tout en suivant un système 
déterminé. 

M. Van Hise fait observer que les roches archéennes se distinguent 
par une impression brune en dessous, et que les roches métamorphiques 
d'un âge connu reçoivent la couleur des roches non altérées qui y cor- 
re8i)ondent. 

M. WiLLCOX montre que dans le plan présenté par le Major Powellles 
couleurs ne sont pas distribuées également d'après la gamme chroma- 
tique. 

M. PowELL explique que Ton n'avait pas essayé de choisir des couleurs 
également disti'ibuées conformément à la gamme chromatique, mais 
d'employer celles qui pouvaient être le plus facilement reconnues. 




80 GAMMES DE COLORIAGE GÉNÉRALES. 

M. Cadell demande pourquoi on ne s^estpas servi du noir et du gris. 

M. PowELL rrpond (ju'on a employé le bleu au lieu des noirs pour le 
Carbonifère; que les noirs causent des malentendus en ce qui concerne 
la bouille, qui se trouve dans le Crétacé et dans le Tertiaire, aussi bien 
que dans le Carbonifère. 

M. Chrlstie pense que le noir est souvent très incommode parce qu'il 
rend illisibles les détails de la carte. 

M. Cadell dit que les cartes dressées par le Geological Survey de la 
Grande Bretagne sont coloriées à la main; et que le système suivi par 
le Geological Survey des États-Unis ne pourrait, ptour cette raison, être 
employé économiquement. 

M. PowELL explique que le système du Geological Survey des États- 
Unis est très économique, une fois (][ue les signes sont transférés sur les 
pierres lithographiques. 

M. Hughes i>ense qu'il est difficile de trouver une gamme de nature à 
satisfaire tout le monde. La x)6rmanence des couleurs, la facilita de les 
appli(]uer, et la distinction avec laquelle elles montrent ce qui est désiré, 
doivent être i>rises en considération. Celle qui remplit le mieux les 
conditions voulues survivra. Il remarque ensuite que paimi les mem- 
bres du Congrès beaucoup, surtout ceux qui vont prendre part à la 
grande excursion désirent vivement que tout le temps, qu'il sera possi- 
ble d'économiser sur l'ordre du jour, soit consacré à l'explication des 
phénomènes géologiques américains récemment rapportés des frontières 
du Geological Survey par l'avant-garde de nos travailleurs scientifiques. 

Sur la proposition de M. Powell, le programme pour l'après-midi est 
modifié, afin (^ue lu géologie du pays, qui sera traversé par ceux qui par- 
ticiperont à la grande excursion, ])uisse être sommairement décrite par 
ceux qui la connaissent le mieux. 

La séance est ajournée à 2 heures et demi de l'après-midi. 

Eli se réunissant à 2 heures et demi, sous la présidence de M. 
LeConte, m. Chamberlin, M. Gilbert, le Major Powell et M. 
Emmons font de courtes conférences sur la géologie du pays qui doit 
être parcouru ])endant l'excursion aux Montagnes Rocheuses. 

La séance est levée à 4 heures 40 minutes de l'après-midi. 

Les Secrétaires, 

J. C. Brannes, 

F. Frech. 
Le Président, 

James IIall. 
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actuellement en campagne; mais, qu'il prenait 8ur lui de donner l'assu- 
rance que la réception la plus chaleureuse serait faite au Congrès, 
non seulement par tous les géologues de la Suisse, mais aussi par le 
Gouvernement Fédéral qui, malgré qu'il n'avait pas pris l'initiative 
dans la question, ainsi que le Gouvernement des Ëtats-Unis, s'était 
déclaré prêt à coopérer avec ses géologues, si l'on jugeait à propos de 
choisir la Suisse pour la réunion du Congrès en 1894. Au point de vue 
géologique, la Suisse a toujours été internationale par son caractère, 
puisque les géologues de tous les pays s'y sont rencontrés "pour étudier 
ses montagnes; elle est donc, sous ce rapport, singulièrement adaptée 
à être le lieu de réunion d'un congrès de géologues. 

Par un vote unanime, la Suisse est choisie pour la réunion du pro- 
chain Congrès, et les géologues dont les noms suivent sont nommés 
membres du Comité d'organisation, avec l'autorité de s'adjoindre 
d'antres membres, et de fixer la date, ainsi que la ville, où le Congrès 
se réunira en 1894: 

Dr. A. Heim, Prof. Pr. Lakg, 

Prof. E. Beiœvteb, Prof. H. Gk)LLi£z, 

Dr. A. Baltzeb, Dr. G. Schmidt. 

M. PuMPELLY propose que les remercîments du Congrès soient trans- 
mis aux géologues suisses, par l'entremise de MM« Golliez et Schmidt, 
pour leur invitation. 

M. PowELL appuie la proposition de M. PumpeUy et donne l'assurance 
aux géologues suisses que les Américains éprouveront le plus grand 
plaisir à \isiter la Suisse, qu'ils considèrent comme la Mecque de tous 
les voyageurs et de tous les géologues. 

La proposition est adoptée à Tunanimité. 

M. Emmons lit ensuite la lettre suivante: 

COMrrÉ GÉOLOGIQl s DE LA RUSSIE. ST. PÉTERSBOURG, 1t 1^ Acât 1891. 

Le Comité g^logiqn© de Russie a l'honneur d'infonner (le Congrès) que, par ordre 
de Sa Mi^esté TEmperear. il e«it antorisë à déclarer le cons^itement da Gouverne- 
ment russe à Tinvitation de la VII ^*** session du Congrès géologique international 
à St. Pètersbourg. 

En invitant les géologues de ti>utes les nations à visiter la Russie en 1897, le 
Comité géologique fera tout son possible pour rendre leur séjour dans notre pays 
plein d'intérêt scientifique et agréable. 

A. Kabpisssky, 
DireeUmr êm C<nmUé géologiçme. 

M. TscHKRXYSCHEW, au nom des géologues de la Bussie, invite cordi- 
alement les membrt^s du Congrès à î>e réunir à St. Pètersbourg en 1897, 
et dêchuv que la libénUité de TEmpereur leur assure une réception des 
plus hospitalières, et mettra les géologues russes à même de leur pro- 
eurtT do longues et intéress;mtes excursions dans toutes les parties de 
ce vaste empire. 
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remarqué dans mon discours d'ouverture, le facteur le plus imjxirtaQt 
de cette évolution est la discussion. 

Il convient, maintenant, d'exprimer les sentiments de reconnaissance 
que nous éprouvons, aux personnes qui ont tant contribué à rendre 
cette réunion si agréable, et je cède la parole à M. le professeur Hughes. 

M. Hughes s'exprime en ces termes: 

M. LE Président: Vous venez de remarquer avec justesse, qu'un 
vote de remercîments était dû aux personnes qui ont aidé à rendre ce 
Congrès ce qu'il a été. Je consens volontiers à prendre ma part à ce 
devoir, car c'est une tâche bien agréable d'offrir nos remercîments et 
d'exprimer les sentiments que nous ressentons. Toutefois, il se mêle 
un certain regret à ce plaisir en ce qu'il ncms montre que le moment de 
notre séparation approche. Nous regrettons aussi que les paroles nous 
paraissent trop faibles pour faire voir la profondeur de nos sentiments. 

A qui donc adresserons- nous ce vote de remercîments? Ce n'est pas 
à un seul individu qu'il doit être offert, mais à plusieurs. Cependant il 
y en a un que nous devons premièrement signaler et qui est peut-être 
le plus digne représentant de l'hospitalité et de l'accueil cordial que 
nous avons reçus, ainsi ({ue de la liberté de discussion qui a présidé à 
nos séances. Je parle de son excellence le M inistre de l'Intérieur. C'est 
un homme si admirablement doué que, lorsciue dans la crise suprême 
de ce pays vous avez eu besoin de quelqu'un ayant l'expérience des 
hommes, jointe au courage et aux grandes capacités, vous vous êtes 
adressés à lui. Dans cette crise, l'honorable M. Noble prit les armes, 
et donna à sa patrie sa force et tout son dévouement. Le sentiment 
qu'il y avait des hommes aussi braves que patriotes à cette heure som- 
bre, nous fait ressentir un certain plaisir à nous rai>peler cette triste et 
terrible époque. J'espère, et c'est bien sincèrement, qu'il ne repassera 
jamais par de pareilles épreuves. La question est heureusement résolue, 
et aujourd'hui il dirige le grand Département de l'Intérieur, ce vaste 
intérieur que nous allons bientôt visiter. Il a, en outre, sous son con- 
trôle, ce qui nous intéresse le plus, le Geological Survey des États-Unis. 

A l'ouverture de ce Congrès, M. Noble est venu généreusement au 
devant de nous pour nous souhaiter la bienvenue au nom de son Gou- 
vernement. C'est pourquoi j'éprouve une vive satisfaction, en deman- 
dant au Congrès de s'unir dans un vote de remercîments à l'honorable 
M. Noble, et au grand pays qu'il représente si dignement. 

M. VON ZiTTEL appuie la proposition de M. Hughes, qui est adoptée 
à l'unanimité. 

M. PowELL se lève pour réi)ondre au nom de M. Noble, et prononce les 
paroles suivantes: 

L'Honorable Seen* taire de l'Intérieur m'a chargé de présenter ses hom- 
mages aux personnes qui sont ici, et c]'ex])rinier ses vifs regrets de ne 
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M. de Mabgebie appuie la proposition de M. Credner, qui est 
loptée à l'unanimité. 



M. Pavlow exprime la grande appréciation des membres du Congrès, 
et l'assurance des souvenirs agréables qu'ils emporteront, des collec- 
tions qu'ils ont admirées dans les musées, ainsi que des nombreuses 
marques de bienveillance dont ils ont tous été l'objet pendant leur 
séjour à Washington. Il termine en proposant un vote de remercî- 
ments au Comité d'organisation. 

La proposition de M. Pavlow est votée à l'unanimité. 

M. Gilbert, répondant au nom du Comité d'organisation, dit qu'en 
organisant cette réunion le Comité a été guidé par l'expérience acquise 
dans des Congrès antérieurs où une tendance vers l'évolution s'était 
déjà manifestée. Dans les réunions précédentes on se flattait de l'espoir 
d'arriver à établir des règlements uniformes pour la terminologie et la 
cartographie géologique, ainsi qu'à décider les questions de nomencla- 
ture. Un grand nombre de questions ont été soumises au vote et des 
décisions importantes furent rendues. Mais plus tard, on découvrit 
que les règles qui avaient été approuvées étaient impuissantes à con- 
trôler la pratique employée par les géologues de tous les pays; et dans 
bien des questions on trouva impraticable d'arriver à un accord géné- 
ral. Un sentiment conservateur se développa à Londres, qui porta le 
Congrès à s'abstenir de tout vote sur les questions scientifiques. A 
cette occasion, ceux qui assistaient aux sessions réalisèrent les grands 
avantages provenant des rapports personnels et des conférences avec 
leurs collègues des autres pays, de sorte que l'intérêt de ces réunions 
ne disparut pas avec leurs fonctions législatives. 

C'est pour cette raison que notre Comité prépara un programme qui 
attirerait la discussion seulement sur des sujets de grande importance, 
s'occuperait des relations sociales et des conversations scientifiques 
entre les membres, et, surtout, qui vous procurerait l'occasion de voir 
une géologie familière aux Américains, mais qu'il était néanmoins dési- 
rable de faire connaître au monde entier. 

M. de Geeb rappelle au Congrès que, quoique M. Pavlow ait déjà 
exprimé nos remercîments au Comité d'organisation, quelques paroles 
spéciales étaient dues au Secrétaire et au Trésorier, Messieurs Emmons 
et Hague, qui ont accompli la plus grande partie de la tâche qui incom- 
bait au Comité. Ils ont eu à envoyer des centaines de circulaires aux 
quatre coins du globe; ils nous ont tenus au courant de tout ce qui 
allait avoir lieu, et nous ont renseignés sur les moyens de profiter des 
avantages qui nous étaient offerts. Ils ont travaillé pour nous, et nous 
n'avons eu simplement qu'à voir, qu'à entendre et qu'à jouir. Enfin, 
ils ont compris notre mauvais anglais; j'espère qu'ils le comi)rendront 
encore, surtout maintenant. 
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celle de Washington n'a pas été moins satisfaisante. A la vérit4^s nous 
n'avons pas fait de règlements nombreux. Mais les congrès antérieurs 
en avaient établi beaucoup. 11 en est des règlements comme de la plu- 
part des choses : un peu faut ^ pas trop iC en faut. Prenons garde de trop 
gêner nos allures personelles. Nous devons respecter la liberté de la 
science. 

Ce qui importe surtout, c'est de rendre la science le plus élevée i)08- 
sible; notre domaine est immense, puisque nous faisons l'histoire de 
toute la terre; nous devons tacher de donner à nos esprits une ampleur 
égale à celle de ce vaste domaine (lue nous sommes chargés d'explorer. 
Or, par la force des choses, chacun de nous est entraîné à étudier des 
points spéciaux; pour faire des œuvres originales, on doit concentrer 
ses forces sur une partie seulement de la science. Quelques-uns 
parmi nous se plaisent dans la recherche des vertébrés, parfois 
étranges ou gigantesques, qui peuplèrent nos continents dans les 
temps passés; d'autres s'attachent aux invertébrés, créatures plus 
humbles, mais qui rendent de plus grands services aux géologues 
pour la détermination des Ages de la terre. D'autres encore consi- 
dèrent les développements successifs des flores. Ceux-ci préfèrent les 
terrains primaires, qui doivent nous révéler les origines de la vie; ceux- 
là aiment mieux les terrains secondaires ou tertiaires, qui leur montrent 
le monde dans un état plus avancé, ou même les couches quaternaires, 
où ils scrutent les mystères des origines de l'humanité. Beaucoup de 
nos confrères font de la géologie physiciue ou chimique. Nous avons 
raison d'oj)érer cette division du travail, seulement il faut qu'à certains 
moments nous rassemblions tous les produits de notre activité; nous 
devons mettre en commun nos pensées. Chacun de nous est peu de 
chose; mais l'ensemble de nos connaissances forme un merveilleux 
faisceau; telle est l'œuvre de nos congrès internationaux de géologie. 

Et puis, Messieurs, nous avons du bonheur à travailler; mais nous 
en avons aussi à nous aimer les uns les autres. Je crois être le plus 
vieux des géologues qui ont traversé l'Atlantique i)our venir à ce Con- 
grès; j'ai rencontré bien des travailleurs i)endant mavie, et, je vous 
le déclare dans toute la sincérité de mon Ame, plus on voit, plus on 
connaît les hommes de science, plus aussi on les aime. Nous avions 
depuis longtemps a])pris à admirer les géologues américains; nous 
venons d'apprendre à les aimer. Soyez sfirs qu'en rentrant dans notre 
vieille Europe nous emporterons un cher souvenir des membres du 
Congrès international de géologie de Washington. 

M. LeConte répond : 

Comme Je ne comprends pas bien le français, je n'ai pu apprécier 
toutes l(»s aimables et flatteuses remarques du i>rofesseur Gaudry; mais, 
si j'en ai saisi quelques-unes seulement, l'expression de son visage m'a 
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aidé i\ deviner les autres. L'approbation qui vient d'une pareille source 
doit être précieusement conservée; une approbation accordée par' des 
hommes que j'ai appris à honorer depuis longtemps, et que je suis fier 
aujourdliui de compter parmi mes amis. Si, comme président, j'ai quel- 
que peu réussi à présider d'une manière satisfaisante à mes collègues, 
ce n'a pas été en raison de mes aptitudes pour cette haute fonction, 
n'ayant jamais étudié ce que l'on appelle les règlements parlementaires, 
mais parce que j'ai eu la bonne fortune de présider une assemblée 
exceptionelle. Nous ne sommes pas une réunion d'hommes politiques, 
mais un corps de savants. Nous ne cherchons pas nos intérêts per- 
sonnels, mais la vérité. Nous ne luttons pas afin de remporter une vic- 
toire sur nos semblables, mais pour vaincre la Nature et la dévoiler. 
Gonune vous le voyez, Messieurs, il est inutile d'employer un marteau 
X>our accomplir la tâche qui est devant nous, quoique cepi^ndant le 
géologue se serve de cet instnunent, mais pour un tout autre usage. 
Tous appartenez à ceux dont la mission est d'étudier les lois de la 
nature, qui devient ainsi une loi pour vous. Il m'a donc été facile de 
présider cette assemblée. Je vous remercie sincèrement de votre 
cordiale coopération, qui a tant contribué à aider une i)ersonne si peu 
qualifiée à remplir les fonctions que vous avez bien voulu lui confier. 

S'il n'y a absolument aucune autre question i\ soumettre au Congrès, 
il ne me reste plus que le devoir d'en prononcer la clôture. Nous ne 
XK)nvon8 pas retarder ce qui est inévitable. En terminant, je ne puis 
ui'empêcher de comparer cette organisation à celle du corps humain. 
Ses éléments se sont rassemblées de toutes les parties du monde pcmr 
constituer une unité organisée, exubérante de vie, remplie de joies et 
d'avantages mutuels, pendant un court espace de temps, jyoui finir par 
se dissoudre et rejoindre ensuite les matières dont elle est composée; 
mais son esprit, du moins nous l'espérons, sera immortel. Je vous 
annonce donc. Messieurs, la fin du Cinquième Congrès International, et 
nous formons tous le vœu, qu'il puisse se réunir avec un nouveau 
corps, dans la Suisse, en 1894. 

Len Secrétaires, 
F. French, 
J. C. Branner. 
Le Président^ 

J. LeConte. 



90 PROCÈS-VERBAUX DES SÉANCES. 



Commission internationale de la Carte géologique d'Europe, 
procès-verbal de la séance tenue à 8alzbouro, 

LE 3 AOÛT 1891 A 10 HEURES. 
[Présidence de M. Beyrich.] 

Présents: Mm. Beyrich et Haucheoobne, de Berlin; Mojsiso- 
wics, de Vienne; Giordano, de Rome; Renevier, de Lausanne. 

Et en outre avec voix consultative M. Capellini, de Bologne, prési- 
dent de la Commission internationale de nomenclature. 

M. Hauohecorne expose les nombreux essais qui ont été faits jwiir 
représenter, sur les feuilles d'Angleterre, Scandinavie et Russie, en 
même temps, le sous-sol stratigraphique et les terrains superficiels. 
11 présente une feuille prussienne sur laquelle il a pu effectuer cette 
double représentation. 

Sur sa proposition la Commission adopte en principe, pour les vastes 
régions où tout est recouvert de terrains superficiels de transport, de 
représenter le sous-sol par des hachures espacées, de la couleur du 
terrain voulu, sur le fond jaunâtre du Pléistocène, et par lesdites hachures, 
encore plus espacées, sur le fond blanc de l'alluvion. Autant que 
possible ces hachures seront dirigées horizontalement ou verticale- 
ment, pour les distinguer des hachures obliques beaucoup plus fines, 
appliquées aux subdivisions des terrains. 

La feuille C.IV ÇS, Allemagne, etc.) est complète à l'exception de la 
Scanie, qui doit être exécutée d'après ce procédé. Aussitôt qu'elle 
aura été ainsi complétée, on en commencera le tirage définitif. M. 
Hauchecorne espère pouvoir la faire i)araître dans le courant de 
l'hiver. Trois autres feuilles C.V (Suisse, etc.), B.III et B.IV(Iles bri- 
tanniques et N. France) sont presque prêtes pour la gravure, et pourront 
paraître l'année suivante. 

La Commission décide de se réunir dorénavant chaque été dans 
quelque localité un peu centrale. Elle fixe d'ores et déjà Lausanne 
pour son point de réunion en août ou septembre 1892. M. Hauche- 
corne s'engage i\ y présenter les épreuves des trois feuilles C.V, B.III 
et B. IV. 

M. Daubrée s'étant retiré de la Commission, celle-ci se complète, 
sur la proposition de M. Renevier, en appelant M. Michel-Levy à y 
représenter la France. 

Le Secrétaire, 
E. Renevier, professeur. 



92 PROCÈS-VERBAUX DES SÉANCES. 

M. TiETZE veut bien se charger de la bibliographie des Balkans, et 
M. DE Margerie s'efforcera de combler les lacunes qui pourraient 
exister dans la collection de documents réunie par les membres du 
Comité, pour l'Asie, l'Afrique et l'Océanie. Les manuscrits devront 
être adressés au Secrétaire avant Pâques 1892, pour être imprimés à 
la suite du Compte-rendu de la réunion de Washington. 

La liste projetée comprendra le titre détaillé des catégories d'ouvrages 
suivantes: 

1*> Bibliographies régionales ou locales (exemples: Bibliographie géo- 
logique de l'Italie — Bibliographies géologiques des comtés de l'Angle- 
terre, par Whitaker — Catalogue des publications des Surveys amé- 
ricains, par Prime). 

2° Bibliographies systématiques ou relatives à une groupe de faits 
déterminés (exemples: Bibliographie des diverses classes de roches, 
insérée dans la Pétrograpliiede Rosenbusch — Bibliographie du Juras- 
sique supérieur, par Neumayr — Glaciers, volcans, etc.). 

3" Bibliographies personnelles (catalogues des publications d'un même 
auteur), comme il en est imprimé souvent dans les notices nécrologiques 
(exemples : Autobiographie d'Ami Boue — Royal Society's Catalogue of 
Scientific Papers). 

4® Catalogues de cartes géologiques (exemple: Mapoteca geologica 
Americana, de Marc(m). 

5" Bibliographies géologiques annuelles, soit générales (exemples : Geo- 
logical Record — Annuaire géologique, de Dagincourt — Revue de géolo- 
gie, par Delesse et de Lappareut), soit spéciales (exemples: Revue géo- 
logique suisse, par E. Favre et Schardt — Bibliothèque géologique de la 
Russie, par Nikitin — Record of American Geology, de Darton). 

6^' Tables générales des périodiques spéciaux ou séries (exemples: 
Repertorium des Neuen Jahrbuch fiir Minéralogie — Index des publica- 
tions de la Société géologique de Londres, par Ormerod — Table des 
Paleontographica — Liste des cartes publiées dans le Quarterly Jounuil, 
de R. Bliss). 

7® Enfin, Catalogues des bibliothèques spéciales imprimés (exemples: 
Catalogue of the Library of the Geological Socûety of London — Cata- 
logne des ouvrages géologiques se trouvant dans les bibliothèques de 
la Belgique, par Dewalque). 

An point de vue de l'extension à donner au travail, la Commission croit 
devoir exclure pour le moment les documents purement minéralogiques 
ou paléontologiques; les indications ayant trait i\ la pétrographie, à la 
géographie physique, à la géologie appliquée, aux eaux minérales et à 
l'archéologie i)réhistorique seront au contraire acceptées. Toute lati- 
tude est d'ailleurs laissée îY cet égard aux collaborateurs, la rédaction 
se reservant le droit d'ajouter ou de retrancher aux manuscrits en vue a 
d'assurer à la publication l'uniformité désirable. 
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Les bibliographies manuscrites importantes, dont l'existence pourrait 
être connue des membres de la Commission, seront signalées à la place 
convenable, avec l'indication du nom et de l'adresse de l'auteur. 

La publication aura lieu en français; toutefois les manuscrits x)our- 
ront être rédigés dans la langue du pays d'origine, et traduits ensuite 
par les soins de la rédaction. 

Les titres devront toujours être dans la langue de la publication 
originale; ils ne seront suivi d'une traduction française que dans le cas 
où ils appartiendraient i\ une langue autre que l'anglais, l'allemand, 
l'italien ou l'espagnol. Les indications de nom d'auteur, de lieu de 
publication (avec le nom de l'éditeur, s'il s'îigit d'un ouvrage séparé), 
de date, de format et de nombre de pages devront être aussi exactes et 
aussi détaillées que i)ossible; on indiquera en outre le nombre approxi- 
matif d'entrées contenues dans chaque bibliographie, en y joignant quel- 
ques renseignements sommaires sur sa nature (exemples: Catalogue 
alphabétique par nom d'auteurs — Catalogue classé par ordre de dates — 
Simple liste de titres — Chaque article est suivi d'un résumé — Le nombre 
des planches n'est pas indiqué — etc.). On notera également les dates 
extrêmes des publications cataloguées dans les bibliographies (exemple: 
1810 à 1885). 

Pour faciliter le classement définitif des matières, en vue de l'impres- 
sion, les collaborateurs sont eugagés à préparer leur travail sur des 
fiches séparées. 

Le Secrétaire^ 
Emm. DE Margerie. 
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A.-OOMMUNICATIONS SUR LA CORRÉLATION DES ROCHES. 



A. PRINCIPES ET MÉTHODES D'ÉTUDE DE CORRÉLATION AU 

MOYEN DES PLANTES FOSSILES.* 

Par Lestkk F. Ward. 

Dans tout ouvrage sur la corrélation géologique, soit au moyen des 
fossiles, soit au moyen de la stratigraphie, la doctrine moderne d'bomo- 
taxis doit être, ce me semble, attentivement considérée, puisqu'il est 
maintenant bien reconnu que les formes identiques n'indiquent pas 
nécessairement l'identité d'éi>oque. 

Dans le huitième chapitre de son grand ouvrage sur la paléontolo- 
gie M. Pictetpose le principe général suivant: "Les terrains contempo- 
rains ou formés à la même époque renferment des fossiles identiques. 
Réciproquement; les terrains qui contiennent des fossiles identiques 
sont contemporains." t 

M. Schimpor, dans son Traité de Paléontologie Végétale, accepte ce 
principe et l'applique aux plantes fossiles de la manière suivante : " Les 
terrains contemporains ou formés à la même époque renferment des 
Hores, sinon complètement identiques, du moins homologues, et par 
conséquent: Les terrains qui renferment des flores identiques ou 
homologues sont contemporains." { 

Neuf ans après l'apparition de la deuxième édition de l'ouvrage de 
Pictet, cité ci-dessus, et sept ans avant l'apparition du premier tome 
de Schiraper, savoir, le 21 février 1862, le professeur Huxley, prési- 
dent de la Société géologique de Londres, exprima dans son discours 
annuel des idées en grand désaccord avec celles qui précèdent, idées 
dont on a cependant de plus en plus reconnu la justesse avec les déve- 
loppements successifs de la science géologique. Quoique, dans ce dis- 
cours, le professeur Huxley ne citât pas les proi)ositions de Pictet, et 
qu'il se bornât â faire un exposé beaucoup moins absolu de la position 
des paléontologues, il essaya de résoudre le problème de la prétendue 



•En anglais par l'auteur. American Geologist, Vol. ix, January, 1892, p. 34. 
tTraité de paléontologie, etc., par F. J. Pictet, 2'n« 6A., tome i, Paris, 1853, p. 100. 
t Traité de Pal^^ontologie V^^gétule, etc., par W. P. Schimiier, tome i, Paris, 1869, 
100. 
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contemporanéité des dépôts qui contiennent des fossiles identiques, et 
s'exprima dans les termes suivants: 

''La 8Ucces8iou implique du tt^mps; les parties inférieures d'une série de roches 
sédimentaires sont certainement i)lns anciennes que les parties sapérieures; et 
quand on proposa Tidée d'âge comme équivalente de l'idée de succession, il n'était 
pas surprenant qu'on considérât la correspondance en succession comme correspon- 
dance en âge, ou contemporanéité ; et, eu effet, tant qu'on ne parle que de l'âge 
relatif, la (correspondance en succession est la correspondance en âge; c'est la 
contemporanéité relative. 

Mais il eût valu beaucoup mieux pour la géologie qu'un mot aussi peu exact et 
aussi ambigu que ''contemporain" eût été exclu de son vocabulaire, et qu'on se fût 
servi à sa place de quelque terme, qui exprimât une ressemblance de relation des 
séries et qui exclût tout à fait la notion du temps, pour exprimer la correspondance 
dans la position de deux ou de plusieurs séries de stratifications. 

Dans l'auatomie, où il faut constamment parler de correspondance de position, on 
la dénote par le mot '^homologie" et par ses dérivés; et pour la géologie (qai n'est 
apr^s tout que l'anatomie et la physiologie de la terre) il serait peut-être utile d'in- 
venter quelque mot unique, tel que l'homotaxis (similitude d'ordre), pour exprimer 
une idée essentiellement semblable." 

Le terme "homotaxis," ainsi introduit dans le vocabulaire géologique, 
a été généralement accepté, et il est employé constamment, même par 
ceux qui ne se sont pas donné la peine de s'informer de son origine. 
Les géologues considèrent les rapports stratigraphiques et lithologiques, 
et les paléontologues les formes organic^ues qui y ont rapport. Quant 
à ces derniers, ils sont d'accord, je crois, pour considérer comme hofno- 
tactique * deux flores ou faunes qui i)ossèdeut un assez grand nombre 
d'espèces, ou identiciues ou étroitement alliées, ou qui contiennent à un 
degré considérable les mêmes types de vie. 

Je partage complètement l'opinion du docteur Newberry, qu'on i)ourra 
donner aux plantes fossiles une grande valeur dans la corrélation des 
couches géologiciues, et aussi qu'il ne restera aucun désaccord entre les 
fossiles animaux et les fossiles végétaux, quand ces derniers seront par- 
faitement connus. La difliculté a toujours été que la science de la 
paléobotaniqiie est dans un état incertain et changeant, et qu'on a 
manqué de principes précis pour l'application des données paléobota- 
niques. Je ne prétends pas que cette science soit arrivée a son plus 
haut degré d'utilité; elle est encore, pour ainsi dire, dans l'enfance. 
Cependant il existe à présent un assez grand nombre de faits qui en 
font une aide précieuse de la géologie. 

Je me propose, dans ce mémoire, de signaler d'abord les principes qui, 
selon moi, devraient régler l'étude de la paléobotanique comme aide îl 
la corrélation géologique, et ensuite d'expliquer les méthodes que j'ai 
adoptées pour leur a[)i)lication. 



* La forme *' homotactifi 110 '' paraît être plus ^<^guli^re qu' '^ liomotaxial," comme 
plusieurs autours récrivent. 
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n'hésiterait â présent i\ dire au géologue (ju'il s'était certainement 
trompé dans sa stratigraphie. 

Mais dans la détermination des couches moins séparées chronologi- 
quement ce procédé n'est pas suffisant, et on ne peut se fier ni à de maigi'es 
documents ni à des spécimens uniques et fragmentaires. Dans de tels 
cas pour être certain il faut avoir une quantité de faits; c'est-à dire, un 
nombre considérable de bons échantillons de plantes fossiles i>our que 
le paléobotaniste puisse exprimer son oi)inion sur l'âge exact du dépôt 
dans lequel ils se trouvent. La plupart des erreurs sérieuses qu'on a 
faites, erreurs qui ont fait tomber en discrédit la science de la i)hyto- 
paléontologie, ont été causées par l'oubli de ce principe. Les géologues 
purement stratigraphiques n'ont aucune idée de ces lois, et le paléo- 
botaniste est obligé de traiter leurs idées presque de la manière avec 
laquelle il traiterait les idées de x>ersonnes peu scientifiques. Ils lui 
apportent sans cesse de 8imi>les fragments et des échantillons isolés 
qui ne sont peut-être pas spécifiquement déterminables, et ils veulent 
(ju'avec de tels matériaux le paléobotaniste leur dise la i)ériode précise 
à laquelle ces fragments appartiennent. Gela est impossible, et le paléo- 
botaniste qui veut tirer des conséquences absolues de tels matériaux 
est certain de se tromper. 

Au contraire, là où il existe une quantité suffisante de faits, la paléo- 
botanique devient aussi concluante pour les formations rapprochées 
que pour les plus éloignées. Prenons à l'appui de notre thèse les 
argiles de Gay îlead, Massibhusetts. Il n'y a dans ce pays aucun 
endroit plus attrayant pour un géologue stratigraphique que Gay 
Head. Nous y trouvons des argiles bigarrées, admirablement strati- 
fiées, descendant eu pente vers l'océan et sans cesse rafraîchies par 
l'action de la nier et du temps. Elles forment des falaises presque à 
pic, visibles à l'ciûl comme un objet brillant qu'on voit à une grande 
distancée en mer. Un des premiers ouvrages des géologues américains 
fut d'essayer de résoudre le problème de l'âge de ces falaises. Le>s 
annales de ces recherches remoiïtent à cent ans et les noms des 
géologues les plus célèbres dos fitats-TInis y figurent. Comme résultat 
de tout ce travail stratigraphi(|ue dans un champ si engageant, le pro- 
fesseur Shaler a enfin annoncé à plusieurs reprises dans les deux der- 
nières années, que ces argiles sont de Tâge tertiaire (miocène ou plio- 
cène). Presque au moment où le savant professeur rendit sa décision ^ 
publique, un jeune paléobotaniste, Mr. David White, visita cet endroit -^ 
et passa un été à y faire une collection de i)lantes fossiles. On y avait -"^ 
préalablement trouvé quelques fragments, dont un ou deux avaient ^ 
été figurés dans les ouvrages du doct(îur lîirclicock. Mais ceséchantil- — 
Ions peu importants n'avaient pas de valeur. Les s])écimens n'étaient ^ 
pas nets, et on n'en pouvait rien conclure. Ce jeune homme fit une ^ 
grande collection de beaux spécimens de i)lantes fossiles. Il les envoya -^^ 
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à Washington, les classa et les détermina. Ils se trouvent être ni i^lus 
ni moins que les types des argiles d'Amboy dans le New Jersey, et ils 
représentent i)ar conséquent le milieu de la période crétacée. 

Cette découverte a fait plus que dtMnontrer que les stratifications 
(celles à plantes du moins) à Gay Head sont de Tâge crétacé ; car elle 
établit aussi que les argiles d'Amboy dans le New Jersey, en s'éten- 
dant à Test et en reparaissant à Long Island, continuent encore plus 
loin dans cette direction et se trouvent probablement au-dessous de la 
plupart des dépôts glacials de Block Island, des Elizabctli Islands, de 
Martha's Vineyard et de Nantucket. C'est ainsi que la paléobotanique 
a résolu une question à laquelle la géologie stratigrapbique n'aurait 
probablement jamais répondu. Il y a beaucoup d'autres exemples de 
ce principe, mais celui-ci doit suffire. 

Il y a aussi à considérer un autre principe, qu'on ne peut négliger et 
dont Toubli a souvent induit en erreur non seulement la géologie mais 
aussi la paléontologie. Il est impossible, il faut Ta vouer, d'évaluer trop 
haut rimportance de la classilication exacte et systématique des plantes 
fossiles. Les doutes qui existent sur la vraie nature de beaucoup d'ob- 
jets végétaux trouvés dans les couches de la terre ont i)roduit un grand 
scepticisme dans l'esprit de bien des gens relativement à la valeur de la 
paléobotanique. Les botanistes en particulier, qui se sont occupés des 
plantes fossiles, sont généralement bien désappointés. Accoutumés à 
voir devant eux la structure entière de la plante, toutes ses parties et 
tous ses organes, non seulement ceux de la végétation mais aussi ceux 
de la reproduction, ils n'ont que peu de patience pour étudier les maté- 
riaux qui constituent la plupart des collections de plantes fossiles. 
liBS géoloques sont ordinairement disposés à approuver les opinions 
des botanistes et à partager avec eux leur disposition à condamner la 
paléobotanique. 

n y a deux réponses à toutes ces objections. Il y a une réponse au 
botaniste, et il y en a une tout autre au géologue. La réponse au 
botaniste est que quand ou se rend compte des conditions dans les- 
quelles on trouve ces échantillons, ils contiennent en réalité une grande 
quantité de renseignements, assez exacts et assez certains relatifs à 
lliistoire passée de la végétation. Outre le fait avéré qu'on trouve à 
certains endroits de la terre des flores fossiles presque égales en nom- 
bre aux espèces vivant actuellement dans les mêmes localités, il faut 
encore ajouter la raison suivante, que la paléobotanique nous apprend 
à étudier plus soigneusement les restes fragmentaires que nous trou- 
vons; elle stimule nos facultés d'observation des faits que nous possé- 
dons, et elle a contribué beaucoup à notre connaissance de la botanique 
proprement dite. Il est dans- l'habitude des botanistes, par exemple, 
de reproduire les feuilles d'une luauière si négligente que le paléobo- 
taniste n'est pas en état de décider t\ quel genre elles appartiennent. 
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Cela tient principalement à ce qu'ils ignorent généralement la nerva- 
tion exacte des feuilles, et qu'ils se bornent à les reproduire au point 
de vue artistique, tout simplement pour FeUet. La paléobotauique a 
enseigné aux botanistes que la nervation des feuilles est imi)ortaute et 
qu'ils deATaient la représenter dans tous les cas possibles. Nous sommes 
redevables aux (liantes fossiles de la découverte que la nervation a un 
rang générique, tandis que la forme, à laquelle les botanistes se fient 
surtout, n'a généralement qu'un rang spécifique. Par conséquent les 
feuilles qui ont une nervation visible ne sont pas inutiles dans la déter- 
mination des espèces; elles ont au contraire beaucoup de valeur, et 
dans beaucoup de cas on i)eut par elles préciser les genres avec certi- 
tude. 

En continuant à répoudre au botaniste^ on i>eut aussi insister avec 
justesse sur ce xK)int, que, dans le cas de presque toutes les formes 
douteuses aussi anciennes que les terrains crétacés, il n'est pas à snp- 
I)oser qu'on puisse déterminer les genres par une comparaison avec les 
genres des i)lante8 vivantes. On doit compter que les genres que nous 
avons à étudier dans ces stratifications anciennes sont éteints, et tout 
ce qu'il faut rechercher avec soin c'est l'évidence de leur parenté avec 
les plantes modernes. 

La réponse au géologue est encore plus concluante; à vrai dire, il n'a 
le droit de faire aucune objection quelle qu'elle soit. Il lui est en effet 
indi fièrent que le paléobotaniste ait donné le nom exact à une forme on 
non; cette question est importante au point de vue biologique seule- 
ment, mais i^as du tout au point de vue géologique. Mais ce qui est 
important, géologiquement parlant, c'est que la forme dont il s'agit soit 
distinctement reconnue, qu'elle soit soigneusement représentée et que 
ce qu'on a trouvé soit bien exprimé en une langue exacte et expressive. 
Il faut qu'il n'y ait aucun doute possible sur son identité, quand la même 
forme reparait dans une localité diôérente. C'est là un [wint essentiel 
pour le géologue. Si la forme, quelle (lue soit sa vraie nature, a 
quelque chose de défini et de distinct, quelque chose qu'on puisse recon- 
naître partout et n'importe où, et si elle est caractéristique d'un certain 
horizon ou d'une certaine localité elle devient proportionnellement utile -^ 
pour fixer IVige de quelque autre dépôt où elle se trouve. Si elle ne se^^ 
trouve que dans deux localités ou à deux points à la surface de la terre, ^^ 
on en peut conclure légitimement, quoique pas d'une manière absolue, ,^- 
(jue les deux terrains sont d'un âge assez semblable, la preuve du con- — 
traire faisant défaut, ^lais si lobjet est abondant et caractéristique^^ 
de (lueliiue groupe ou de (luelque horizon bien connu, c'CvSt alors qu'iLÏ^ i 
devient d'une grande importance comme fossile caractéristique, indé — -^ 
l)eiHlamnient du degré de notre connaissance de sa vraie nature bota— ^^ 
ni(iue. 
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groupe dont il s'a^t. On peut eu premier lien regarder cette liste 
d'espèces comme tout à fait inconuue géologitiuement. 

S'il y a plusieurs localités, terrains, ou bassias distincts qu'on «ap- 
pose être d'un fige Remblable, il faut d'abord i''iinRii-rer séparément les 
espèces ou les formes qui se trouvent dans eliacun d'eux et faire des 
comparaisons pour di^'termiuer tl quel degré elles sont identiques od 
semblables pour les florules différentes. C'est ce que j'ai appelé, dans 
mou ouvrage sur le Trias, distribution américaine. Le nombre de formes 
communes à deux de ces terrains indiquera la ressemblance botanique 
de ces den^t florules. Ainsi, dans la flore triasi<iue des Ëtats-Unis à 
présent connue, le tableau suivant indique le nombre des espèces 
communes à deux ou plus 
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Mais, puisque le nombre des espèces qui se trouvent dans les diffé- 
rents bassins est très différent, ces chiffres pourrraient laisser une 
impression fausse. Ce (lu'on désire apprendre c'est la prépondérance 
relative dans une âoriile tjuelconque des espèces communes aux autres 
florules. La seule manière d'exposer ces rapports est de se servir d'un 
tiibleau proportionnel ayant cent i>onr base. Pour les bassins tria- 
siques des États-Unis je présente ces reuseignements dans la forme 
suivante : 
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lïtant donné le fait bien connu qu'un terrain nouvellement exploré 
fournit des plantes fossiles dont la majorité des formes est inconnue à 
la science, il faut admettre que la proi>ortion d'espèces communes ainsi 
mise en lumière est assez grande pour justifier la conclusion (lu'elles 
établissent la contemporanéité complète ou approximative du dépôt, en 
faisant exception pour le bassin occidental. 

La seconde chose à faire est de déterminer combien d'espèces ont été 
trouvées dans d'autres localités et sous d'autres horizons. C'est ce ciue 
j'ai nommé leur distribution étrangère. Pour faire ressortir ces détails 
on nklige un tableau divisé en colonnes pour les diflférentes localités 
étrangères. Ces colonnes sont arrangées dans l'ordre géologique 
ascendant, et contiennent les noms des espèces trouvées dans la loca 
lité i\ comparer. Alors on indique par quehiue marque caracteristi(iue 
dans des colonnes convenables les espèces des autres localités et des 
autres horizons qu'on a déjà décrits. On enregistre ainsi l'histoire géo- 
logique de chaque espèce sur la ligne même oii l'espèce se trouve indi- 
quée. 

Un tel tableau de distribution des espèces d'un groupe qu'on étudie 
est excessivement simple et élémentaire, et jusqu'ici n'exige aucune 
explication. Mais il y a d'autres circonstances à considérer. Dans 
toutes les fonnes inférieures, comprenant principalement les crypto- 
games, les cycadées et les conifères, il faut se rappeler en première ligne 
que la connaissance de la nature de ces formes anciennes ne suffit pas 
pour aflirmer avec certitude leurs rapports génériques. Elles sont i>our 
la plupart éteintes et i)ortent en conséquence les noms de genres éteints. 
En deuxième lieu, comme tous les paléontologues le savent aujourd'hui, 
le.s formes anciennes de vie sur le globe étaient moins définies, ou selon 
le langage scientifique moderne, moins complètement différenciées, <iue 
dans les temps actuels. Par conséquent on les transpose sans cesse 
d'un genre à un autre, et d'une famille î\ une autre, au fur et t\ mesure 
du développement de l'évidence scientifique. 

Or, il ne reste aucun doute que les formes de vie plus récentes, soit 
animales, soit végétales, se sont développées des plus anciennes, et 
ces phases de transition dans les annales paléontologiques corroborent 
cette vérité beaucoup plus fortement qu'aucun fait dans l'existence des 
faunes et des flores vivantes du globe. Eu admettant alors que les 
flores postérieures dérivent des antérieures, il est de la plus grande 
imiwrtance, non seulement i)our le botaniste, mais aussi pour le géo- 
logue, de remonter aux relations de parenté des plantes, ce qu'on peut 
faire avec beaucoup de succès. C'est pourc^uoi, dans la préparation 
d'un tableau de distribution proportionnelle, il ne faut pas se borner 
exclusivement aux espèces qui se trouvent dans le groupe t\ comparer. 
En effet ces formes anciennes sont si variables (ju'il serait impossible 
de le faire avec certitude. On s'égarerait beaucoup si on se laissait 
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guider exclasivenient par les noms des espèces. Les formes diftèrent 
dans les diverses localités, mais les divergences sont si légères que le 
jugement i)ersoTniel du descripteur invaliderait un tel calcul. Les uns 
rapprocheraient les formes semblables des diflférentes localités, les 
autres les sc^^pareraient comme des espèces distinctes, et l'histoire de la 
nomenclature de la paléobotanique n'est qu'une série de ces détermina- 
tions, apparemment contradictoires, mais qui en réalité ne font que 
montrer que les formes sont plus ou moins étroitement alliées, quoique 
elles ne puissent jamais s'accorder à tous les égards. 

C'est donc ici la partie difficile dans la préparation d'un tableau de 
distribution, de savoir choisir non seulement les espèces que tout le 
monde admet être ideuti(iues sous deux ou plusieurs horizons, mais aussi 
celles qu'on croit alliées h celles du groupe dont il s'agit. Il y a dan- 
ger, d'un côté, d'omettre des espèces alliées importantes, et d'autre part, 
d'introduire comme alliées des espèces (jui n'ont en réalité aucune rela- 
tion entre elles. Sans insister sur les détails de cette partie difficile du 
travail, il faut supposer que le paléobotaniste, s'il est habile dans son 
art, possède le jugement nécessaire à distinguer les espèces vraiment 
parentes do celles qui ne le sont qu'apparemment. Aux esi)èces dont 
tout le monde admet l'existence sous plus d'un horizon ou dans plus 
d'un endroit et que nous appellerons brièvement, espèces identiques^ il 
faut donc maintenant ajouter les espèces qui ont des rapports avec celles 
dugroupe, et que nous appellerons espèces a Z/tVc*. Mais c'est introduire 
ici un nouvel élément dans le tableau, puisfju'il est évidemment impos- 
sible d'indi(iuer ces rapports ])ar la méthode employée pour indiquer 
l'identité. 11 faut se servir d'une ligne séparée pour chîicune de ces 
espèces alliées; il fiiut aussi eni])l()yer une colonne spéciale à gauche 
pour indiciuer leurs noms. Il est alors possible d'employer pour les 
espèces alliées la même marque (pn* pour les espèces identiques, et de 
faire la distribution dans les colonnes de la manière ci-dessus décrite. 

Un tableau comme celui-là est utile quand on veut suivre une espèce 
particulière et d('* terminer sa présence dans les autres localités et sous 
les autres horizons. Mais il n'ottVe ])as une vue d'ensemble des rap- 
ports de la tlore ; il faut condenser les détails (pi'il contient sous une 
forme plus ('(mimode. 

La première mesure à prendre ])our arriver à une telle condensation 
serait probablement d'arranger toutes les espèces selon Tordre géologi 
que as(;en(lant des formations dans lesciuelles elles se trouvent aussi. 11 
est instructif dans un tel tableau de montrer les espèces identiques et 
alliées séparément pour chaque formation; c'est-à-dire, de classer 
ensemble toutes les esi)èces qui se trouvent dans la première ou plus 
basse formation, dans la deuxième, dans la troisième, etc., et ainsi de 
suite i)oar l'ctendue entière du groupe. De cette manière on met en 
pleine lumière les horizons sous les(iuels le plus grand nombre 
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Atlantique une épocjne qu'on peut regarder à tous les égards comme 
simultanée, il faut avouer que toute évidence paléontologique est sans 
valeur. La vérité* qu'il faut toujours se rappeler, c'est que la corréla- 
tion établie par des données de cette sorte est liomotactique, mais qu'elle 
n'est pas nécessairement chronologique. Il y a peut-être des raisons qui 
ont fait que les mêmes types se sont produits à une époque plus récente 
dans une de ces localités (lue dans l'autre, mais la science jusqu'à pré- 
sent ne nous donne aucune explication de la cause de ces avances ou 
de ces retards. Une chose que nous savons d'une manière certaine, 
c'est (jue des flores semblables ont existes à un moment donné dajis 
deux parties de la terre très-éloignées l'une de l'autre, et, en attendant 
que quehiues autres faits capables de détruire cette conclusion soient 
découverts, il est non seulement sans danger mais utile au géologue de 
considérer les deux dépôts comme appartenant au même âge géolo- 
gique. Il y a certaines limites entre lesquelles cela doit être vrai, et 
quand il admet ces limites le paléontologue peut tirer ses conclusions 
avec autant de confiance qu'il le pouvait avant que la loi d'homotaxis 
ait été formulée. 
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la continuation des types crétacés dans l'époque tertiaire, était bien 
décevante, et finit par créer rimi)ression générale, encore répandue 
en Europe, que notre groupe Laramie est de l'âge tertiaire. Ayant 
remariiué cette fausse argumentation, j'ai été le i)reinier, et à ma con 
naissance je suis encore le seul, qui aie essayé de donner une énuméra- 
tion des espèces crétacées des plantes fossiles dans le but d'en faire 
une comparaison avec celles du groupe Laramie des États-Unis.* 

Le système que je viens de décrire empêche cette erreur. Il com- 
pare en effet des formes déterminées avec celles de toutes les for- 
mations parmi lesquelles se trouvent quelques unes de ces espèces 
quelles (qu'elles soient. Par conséquent, quand on veut en tirer de^ 
déductions on se trouve constamment arrêté dans la considération d'un 
horizon particulier par les faits relatifs aux horizons 8ui)érieur8 et infé- 
rieurs. Par exemple, en traitant de la flore triasi(iue dans le tableau 
numérique ci dessus décrit, si on limitait vson attention ou à l'Oolite ou 
au Lias on pourrait en conclure que l'une ou l'autre de ces formations 
était voisine de celle d déterminer. Mais en jetant un regard tout le 
long de la colonne jusqu'au lihéti(iue on y trouve une proportion beau- 
coup plus grande des mêmes espèces, soit identiques, soit alliées. Cette 
ressemblance était si frappante <iue le professeur Fontaine en conclut 
que le Rhétique devait être considéré comme le plus proche voisin du 
terrain houiller de Kichmond, quant à l'âge géologique. Mais lesrecher. 
ches i)lus récentes de Stur, recherches dont le professeur Fontaine ne 
pouvait avoir connaissance, et qui ont été fait<is dans le Keupérien de 
Lunz en Autriche et dans les autriîs flores keupériennes d'Europe qui 
sont x>res(iue du niênie âge, surtout celles de Raibl en Carinthie et de 
Neue Welt en Suisse, les susdites recherches ont démontré que la flore 
keui)érienne d'Europe, (juoiiiue beaucoup moins abondante, contient un 
l)lus grand nombre de formes triasiciues américaines que la flore rhé- 
ticiue de Franconie, de Scanie, de Brunswick, etc. Conséquemment, 
quoi([ue très peu de formes américaines se trouvent sous aucun hori- 
zon jdus bas que celui-ci, nous sommes cependant obligés de conclure 
(lue ce keu])érien supérieur de Lunz en Autriche ressemble plus à 
celui des dépôts triasi(|ues â plantes américaines (qu'aucun autre sur la 
terre. 

On pourrait maintenant se demander, si en réalité tout cela prouve 
quehiue chose. Quand deux flores aussi anciennes que le Trias et aussi 
éloignées l'une de Fautre (jue le sont l'Autriche et la Virginie s'ac- 
cordent d'une manière si remarquable dans les formes qu'elles contien- 
nent, est-il légitime d'en con(;lnre que la date de déposition de Tune a 
été la même ciue celle de Vautre? Certainement non. Et cependant si 
de pareils faits ne ])rouveiit ])as <iu'il y a eu sur les deux rives de l'oc 'an 



* Synopsis of thc Floraof tlu; Laramie Group. Sixtli Ami. Rept. of the U. S. 
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Atlantique une époque qu'on peut regarder à tons lea égards comme 
simultant^e, il faut avouer que toute évidence paléout^ilogique est sans 
valeur. La vérité qu'il faut toujours se rappeler, c'est que la corréla- 
tion établie par des données de cette sorte est liouiotaetique, mais qu'elle 

D'est pas nécessairement clironologiciue. Il y a peut-être d^s raisons qui m 

ont fait que les mêmes tyi>e3 se sont produite à uue époque plus révente 
dans une de ces localités que dans l'autre, mais la science jusqu'à pré- 
sent ne nous donne aucune explication de la cause de ces avances ou 
de ces retards. Une cliose que nous savons d'une manière certaine, 
c'est que des dores semblables ont esistés à un moment donné dans 
deux parties de la terre trés-éloignées l'une de l'autre, et, en attendant 
qne quelques autres faits capables de détruire cette couclusioii soient 
découverts, il est non seulement sans danger mais utile au géologue de » 

considérer les deux dépôts comme appartenant au mËiue âge géolo- ^ 

gique. Il y a certaines limites entre lesquelles cela doit être vrai, et 

qttand il admet ces limites le i)aléontologiio peut tirer ses conclusions » ^m 

avec autant de confiance qu'il le pouvait avant que la loi dltomotaxis Z '^| 

ait été formulée. 
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B. THE PRE-CAMBRIAN ROCKS OF NORTH AMERICA.* 

By C. R. Van Hisk. 

Occupying vast exi^anses of country in Nortli America is a bassement 
crystalliue complex. In many areas, between this basai coniplex and 
the Cambrian are great thicknesses of sedimentary rocks. In numer- 
ous régions tbese roiîks bave been divided into séries, and in certain of 
tbem tbe séries bave been separated into formations. The clastics of 
one région bave often been equated witb those of other régions. It is 
the purpose of this paper to very briefly summarize the facts as to tbe 
occurrences of the pre-Cambrian rocks, to state the methods which 
bave been used in the past in their subdivisions and corrélation, and 
to indicate the nature and limitations of the criteria which expérience 
has shown to be most valuable in this work. 

Names applied to pre-Cambrian rocks. — In the early days of American 
geology Lyell's name Primary or Primitive was more widely applied to 
the ancient rocks than any other. Among the older geologists this 
name, including under it in a gênerai way the pre fossiliferous or meta- 
morphic rocks, was used by Akerly, Alexander, Booth, Dewey, Ducatel, 
Eaton, Euimons, Hitchcock (Edward), Jackson, Mather, Mitchell, Per- 
cival, Rogers (H. D.), Rogers (W. B.), Silliman, Tuoniey, Vanuxem, and 
others. It was nearly universal in 1820, and was apx)lied as late as in 
the forties. 

The term Primitive in the United States was gradually superseded 
by Azoic. Used by Adams as early as in 1846, in the litenitnre of the 
fifties and sixties it very widely occurs, and has not yet disappeared. 
Among more prominent geologists in whose writings it may be found 
are Adams, Cook, Crosby, Emmons (E.), Frazer, Hitchcock (C. H.), 
Hitchcock (E.), Kerr, Rogers (H. D.), Safford, Whitney, Wadsworth. 
and others. In its earlier use Azoic was made to cover ail rocks which 
were apparently destitute of life, without référence to whether they 
were older than the fossiliferous rocks or not. It was thus appbed by 
by Adams and the elder Hitchcock. Witb Rogers the Azoic included 
non-fossili ferons rocks which are younger than the Hypozoicor gneissic 



•This paj>«r is ociiuleuseil from the linal chapter of a corrélation paper npon the 
Ari'hean anil Algoukian, piiblished as a BuUetin of the United States Geological 
Survey. If it is desired to verify any of the statements made, this may be done by 
referring to the summary of literature coutained in the Bulletin. 
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sliown, tlie Canacliaii 8nr\'ey retunied to tbe first uses of the tenus 
Upper Laurentian and Lower Laureutiau. 

In coniparing tbe Hnronian and Laurentian, it appears that the prin. 
ciple nsed in reacliing tlie conclnsion tliat the Original Upper Lauren- 
tian, separated by a great distance from tbe Original Huronian and 
nowliere in contact with it, is tbe older, was tbe metamorphic cbarac- 
ter of tbe former as conipared witli the latter, which in the early work 
of Logan and IVIurray was called a non -metamorphic séries. Tbe lith- 
ological likeness of tbe gneisses and granités of the Lower Original Lau- 
rentian to tbe granités and gneisses, called Lower Laurentian, uneon- 
formahly nnderlying tbe Huronian doubtlcFs was tbe reason for plaeing 
thèse as équivalents. 

In tbe later work of Logan and Murray the names Huronian and 
Laurentian were applied to régions far distant from tbe original areas, 
tbe guiding principles for so doing being wbolly lithological likeness 
and degrec of metamorphism. Working under thèse principles, as 
granités and granité- gneisses were so abundant in tbe original Lauren- 
tian and were totally absent in tbe original Huronian, it became cus- 
tomary with thèse autbors to refer to granitoid areas as Laurentian, 
wbile sedimentary séries containing quartzites, limestone, or dark fine- 
grained scbists were referred to the Huronian, and tbis référence was 
Irequently made when tbe séries as a wbolc was very much more crys- 
talline than tbe Original Huronian. Tbe only exception to a référence 
of ail ine-Cambrian rocks to tbe Huronian and Laurentian were tbe 
séries now known as Keweenawan and Animikie. Tbese were recog- 
nized as resting unconformably upon tbe so called Huronian of Lake 
Superior, wbile tbe Keweenawan was seen to be of a wbolly différent 
lithological (;baracter from tbe Lake Huron rocks. Tbese séries w^ere 
called tbe upper co])per-bearing séries, tbe Original Huronian often 
being called tbe lower copper-bearing séries. 

We find tbese two geologists, Logan and Murray, starting with sci- 
entific principles, laboriously studying year after year tbe detailed 
ociîurrences of tbe rocks in tbe midst of a forest-covered wilderness, 
nntil tbeir inductions built np tbe Original Huronian and Laurentian 
séries. In tbeir later work of a very much less detailed cbaracterover 
vast areas tbe tenns were applied somewbat indiscriminately, and in 
sucb a way as to imply tbat below tbe upper copper-bearing rocks 
tbere are only two Systems, oiie of wbicb is eciuivalent to tbe Original 
Huronian and tbe otlier of wbicb is ecjnivalent to tbe Original Lauren- 
tian. 

Tbe terms Huronian and Laurentian were gradually adoi)ted by geolo- 
gists working on the United States side of tbe boundary, so tbat in. 
récent years, with tbe exception of Arcbean, tbey bave been tbe mos 
widely nsed of ail terms for designating tbe ancient rocks. If th 
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the terms Primitive and Azoic were more aiid more attacked, in order 
to avoid a theory of origin, the term Archeaii was pix)po8ed for the 
aucient rocks by Dana in 1872. This term rapidiy grew in favor. By 
its use not only the advantage of a theory of origiu was avoided, but 
in common with Primitive and Azoic it was not necessary to subdivide 
the ancient rocks into Laiirentian and Huronian, and thus imply a 
corrélation with the rocks of other régions. I:? the early rax)id work of 
the far West, detailed observations usually stopped at the base of the 
fossiliferous séries, and it was convenient to regard ail the remaining 
rocks as a unit, and to cover this unit the term Archean was adopted. 
A^er a more detailed study of certain régions, the terms Laurentian 
and Huronian were applied to subdivisions of the Archean. This term 
Archean also found early favor by the Cauadian survey to iuclude 
thèse two divisions of pre-Cambrian rocks. 

Eozoic was another term suggested to replace Azoic, when it was 
thought by many that the rocks once supposed to be destitute of life 
were not really so. This was used to a considérable degree in the six- 
ties and seventies, and retains a place in literature to the présent time. 
This term implies a theory just the opposite of Azoic. 

As akeady said, the theory involved in referring ail pre-Cambrian 
rocks to the Laurentian and Huronian is that there was in pre Gam- 
brian times this invariable succession. The theory was carried to the 
extrême by Hunt and his school, who held that before Cambrian time 
there are six rock Systems whieh are universal and are separated by 
unconformities. Thèse are, from the base upward, Laurentian, 
Norian, Arvonian, Huronian, Montalban, Taconian. Of thèse terms 
Norian was devised to include tlie laminated gabbros, the so-called 
Upper Laurentian of Logan. Arvonian was imported from Wales, 
where it was applied by Ilicks to a séries of acid volcanics. Montal- 
ban came from the White Mountain région in New Ilampshire, where 
a séries of gneisses were thought to be of ditterent Hthological charac- 
ter from the Laurentian and Huronian and to overlie them. Taconian 
was introduced by Ebenezer Enimons to cover a séries of fossiliferous 
rocks which was supposed to be earlier than the base of the Sihirian. 

Besides the terms given, others hâve been used to some extent, but 
they are of little importance. Aniong thèse may be mentioned Hypo- 
zoic, Prozoic, and Pyrocrystalline. 

As the metamorpliic theory gained force it became the habit of many 
geologists to refer to old (îrystalline or semicrystalline rocks as meta- 
morpliic, assuming tliat they are ail produced by the altération of séd- 
iments of sonie kind. Tins went so far as to include perfectly massive 
rocks, sucli as diabases, gabbros, granités, etc., among the metamor- 
pliics. Kecently the term bas also been applied to rocks recognized as 
laminated eruptives, but this is not the use referred to. This term 
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below by great unconformities; it inchides the basai complex of the 
Wasatcli aud certain of the ranges of Kevada, between which and the 
Olenellus Cambriau is a great unconforiuity and a tbick séries of 
qnartzites; it inchides the basai complex of south western Montana, 
between which and the Olenellus Canibrian is 12,000 feet of unaltered 
slates and a thick séries of (îrystalline rocks of clastic origin, the two 
being probably separated by a great unconformity; it inchides the 
basai complex of Texas, between which and the Cambrian is an 
unconformity, at least one, and perliaps two, thick séries of clastic 
rocks; it includes the basai complex of the Lake Superior région, 
between which and the Potsdam sandstone is an enormous System of 
clastics many thousands of feet thick, separated by unconformities 
into three séries, and the whole bounded above and below by uncon- 
formities; it includes the basai complex of the north shore of Lake 
Huron, between which and the Cambrian is a clastic séries 18,000 
feet thick, bounded above and below by unconformities; it includes 
the basai complex of the Original Laurentian area, between which and 
the Cambrian is a clastic séries estimated to be many thousands of feet 
thick ; it includes the basai complex of Hudson's Bay, between which 
and tlie Cambrian are almost certainly two, and perhaps three, séries 
of clastics separated by unconformities; it probably includes the basai 
complex of Newfoundland, between whicli and the Olenellus Cambrian 
is a séries of clastics 12,000 feet thick, and above this a great uncon- 
formity; it inchides much of the great area of northern Canada known 
as Laurentian, between which and the Cambriau in varions districts 
are clastic séries. 

In ail of tlieso régions, in which the basai complex is vastly older 
than the Cambrian, it consists of a niost intricate mixture of nearly 
massive rocks, anioug which granité aud granits-gneiss are prédomi- 
nant; of gneissic and schistose rocks, ail of which are completely 
crystalliiie, and so foldcd and coutorted that nowhere has any certain 
structure ever been niade ont over consid(»ral)le areas. The granités 
and basic (»ruptives niay occupy considérable areas; the gneisses may 
be regularly laminated and grade into the granités; the crystallinc 
schists may occupy the outer zones of an area; they may ail be coi 
fusedly intermingled, schists, gneisses, and granités alternately pr< 
dominating; sometimes the schistose rocks appear in dike-like fon 
in the granités, at otlier tinics tlie massives are in dike-like forms "^rj 
the schists; at still other tinios tlie alternations of granité, gneiss, 3*^.^<I 
schists are quito uniform and persistent l'or considérable areas. 'X^^e 
granités usually show a rough lamination, which may not appeamr in 
hand spécimens but which is évident in large masses. 

Tlie minerais in tlie granitic rocks generally show évidence of dyna^"r»îc 
action; they do not hâve the clear eut, definite relations character:i ^tic 
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of tlie later plutonic rocks. In the chief minerai constituents of the 
rocks there is essential uniforniity in ail of the areas, althougli certain 
less coinmon minerais may be found in one area whicli liave not been 
diacovered in anotber. Ortboclase and acid plagioclase feldspar, 
qaartz, hornblende, muscovite, and biotite are the standard minerais. 
To describe îiccurately the appearance of the rocks of the basai com- 
plex is exceedingly difficult, but any oue who examines a séries of 
spécimens from the varions areas will perceive tbe truth of the state- 
meut made as to the essenti<al likeness of the rocks from différent 
régions. A suite from any one of the régions which bas been i)erson- 
ally exsimined, if unlabelled, could by no possibility be asserted not to 
corne from any other. 

The unparalleled intricacy of the structure ofthiscomplex; the gen- 
erally laminated arrangement of its parts ; and the broken and distorted 
ferais of the constituent minerais are évidence of repeated dynamic 
movements of the most powerful character. Further, the basai com- 
plex is not only recognized by its positive but its négative characters. 
iNowhere in it is a persistent thick formation of quartz-schist(although 
vein-quartz is abundant), of limestone or marble, of a graphitic schist, 
of a conglomerate either volcanic or sedimentary. If sandstones and 
limestones, or other surface materials hâve been a part of this System, 
the profound and varied mutations through vast lapses of time hâve 
wbolly obliterated ail évidence of their présence. 

Besides the areas mentioned in wliich thèse most ancient rocks occur, 
there are many other areas in which there are, between the Cambrian 
and the basai complex, great séries of clastic rocks, although the évi- 
dence at hand in favor of vast âge for the basement complex is less 
than in the cases cited. In a third class of areas no definite évidence 
in the nature of intervening séries shows that, between the Cambrian 
and the basai complex, has intervened an era or even a period. 

Because of the unique lithological character of this fundamental com- 
plex in ail thèse régions, and because of the essential likeness in struc- 
ture prevailing, we hâve ground for grouping thèse rocks together, 
whether exactly of the same âge or not. Lithological arguments for 
corrélation may well be distrusted ; but the exceedingly strange, varied 
and complex lithological and structural characters of this System, the 
like of which we hâve no évidence has been duplicated anywhere in 
later times, is an argument of great weight. In the complexity of its 
parts and the implications of its structure, it gives évidence of vast 
antiquity. 

In Algonkian, Cambrian, Silurian, Devouian, and even later times, 
completely crystalline schists hâve been produced o ver large areas ; but, 
whileoften in thèse séries no évidence now remains of clastic charac- 
ters, theyrarely, if ever, closely resemble this fundamental complex. A 
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clastic sériels was in tlie beginniug of its bistory of necessity a ahale, a 
sandstoue, a liinestone, a chert, or some other form of sédiment, often 
contaiiiitig carbonaceous matcTial. Cémentation, metasomatism, dy- 
namic actionmayliaveprofoundly ehangedanyof tbesedeposits. Alime- 
stone may bave been transformed into a crystalliiie marble, or, if impure, 
iiito a bornbleiide scbist coiitaiuiiig scarcely a remuant of original car- 
bonate. A cberty carbonate of iron may bave become an actinolite-mag- 
uetite-scbist. Carbonaceous sbaly material may bave become a grapliite- 
scbist, but if sucb a rock is represented in tbe fuudamental complex, 
wbat bas become of tbe carbon ? A sandstone may bave become a 
granular quartzite or a foliated, micaceous quartz-scbist. Bu^tliat a 
great quartzite formation like tbose of tlie Huronian of Lake Su|>enor, 
or tbe pre-Olenellus of tbe Wasatcb, can bave become wbolly obliterated 
by any process sbort of fusion is almost inconceivable. It lias been said 
tbat in tbis fundamental complex, tbrougbout its wbole vast area, tbere 
are found none of tbese rocks. In its positive as well as its négative 
qualities it is a unit. Wbile it can not be considered demonstrated 
tbat ail of its areas are of tbe same <age, it may tben be accepted tbat 
in Nortb America is a System of granités, gneisses, and crystalline 
scbists wbicb are tbe oldest rocks of Xortb America, and whicb bave 
représentatives in many areas tbrougbout tbe United States, altbough 
most widespread and abundant in Canada. Tbat sucb a basai System 
exists is no new idea; but it bas not generally been recognized tbat 
between it and tbe Cambrian tbere elapsed an era in wbicb were alter- 
nating cycles of tbe déposition of Systems of rocks and of vast érosion 
intervais. 

As bere used tbe ter m Archean is restricted to tbis fundamental 
complex. It is no longer possible to regard as a unit or treat togetber 
ail tbe pre Cambrian rocks. The rocks iucluded in tbe fundamental 
complex are every wbere called Azoic or Archean. Tbe crystallines and 
semi-crystallines above tbis conii)lex, often called Archean, must be dis- 
tributed from the Devonian or eai lier to tbe pre-Cambrian. It is clear 
that if Archean is to remain a serviceable terni it must be restricted t^ 
some unit. Sucb a unit is the fundamental complex, and to it tbi à 
term is most appropriate. 

Origin of the Archean, — As to the origiu of the, Archean rocks, tbre= 
difl'erent views are prominent: (1) The Archean may be considered » 
metamori)hosed detrital rocks; (2) It nuiy bc considered as igneous 
but later in origin than certain of the pre Cambrian clastics witb wbic 
it is in contact; (3) it may be considered as igneous and representiii 
a part of the original crust of the earth, and therefore earlier than an 
sedinien taries. A modification of this theory is suggested under tl 
topic '* Délimitations of the Archean" (p. 12.3). 

1. Those who believe in the detrital origin of the Archean, as abo 
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saine région. The différence is one of définition and emphasis ratlier 
than ideas. Both scliools regard tbe granite-gneiss as material wliicli 
lia« resulted from a change in-the condition of original sédiments and 
has not moved far. 

This theory that the Archean, or a part of it, is the liquefied floor of 
the clastie rocks has the objection that it is an unverified hypothesis. 
When once a sedinientary rock haa l>econie iiuent and is wholly free to 
newly crystallize, how shall the material be identified ! To state that 
such material has not moved far is pare assumption. If the fusion 
theory is true the average composition of the unfused part of the clastie 
séries and the subjacent material should agrée. To obtain average 
analyses of rocks which vary widely in minerai character within short 
distances is not easy, but is a thing which must apparently be attempted 
if this theory is to be maintained, for the writer sees no other way in 
which an attempt can be made to verify the hyi)othesis. 

Another class of geologists, noting the contact relations between 
the granitic rocks and the clastics, hold that the former, called by others 
Lower Laurentianor Archean, are eruptives of later âge than the clas- 
tics with which they are in contact, without attemptiug to give any 
theory as to the source of the material. Hère are included Hawesj 
Hall, Mather, Foster, Whitney, Wadsworth, Rominger, Herrick, and 
others. Rominger distinctly recognized the granités and granite- 
gneisses of this kind on the south shore of Lake Superior as the sub 
jacent rocks ui)on which the Huronian rests. Herrick saw the sanie 
relations with référence to his granitic and schistose groui)S ou the 
north shore. In the last two cases the facts before the writers are pre- 
cisely the same as those of the geologists of the second school ; but by 
giving no explanation of the source of the material for the granite- 
gneisses, they hâve escaped the difficulty of the unverified assumption 
that thèse eruptives represent fused sédiments. They fail to explain 
what has become of the floor upon which the clastics are deposited. 
Some floor they must hâve had. Where thèse eruptive contacts are 
found the floors hâve disappeared, and if so, the emptives, if extra- 
neous, must be considered to hâve eaten up or absorl)ed it. 

3. That the Archean is an igneous rock earlier than any of the sed- 
imentaries is apparently the position of E. Emmons, Lieber, and others. 
Thèse careful observers not only maintained the igneous origin of the 
granite-gneiss of the southern Appalachians. but traced the gradations 
between basic schistose rocks and massive eruptives, including hom- 
blende-schist in unmistakable dykes, and drew the correct conclu- 
sion, lately regarded as a new discovery, that such roc*ks are sometimes 
metamorphosed eruptives. While the major portion of the grauite- 
gneiss and associated rocks were considered older than the oldest clas- 
tics, later intrusi ves of a similar character were recognized. This theory 
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that the fondamental complex is igneoiis is apparently that of Geikie, 
as to the Archean of Great Britain, and of many Gernian geologiats, as 
to the basai complex of Germany, among whom Lelimann and Roth are 
eonspieuous. Indeed, tlie latter maintain the igneous origin of ail the 
preCambrian rocks, and Geikie* says of the true Archœan of Great 
Britain that it not only contains no material which gives any évidence 
of ever having been sediinentary material of any kind, but it farther 
contains no material wliich can be considered a surface volcanic, while 
in it there are many rocks which are certainly plutonic eruptives. 

The geologists of this third school, with the second school, recognize 
the igneous chai'acter of the granite-gneisses having irruptive contacts 
with the clastic séries, but they décline to recognize thèse rocks as 
Archean. Sucli rocks are eruptives. Their âge is to be designated pre- 
eisely as are erui)tive rocks which eut Cambriauf Silurian, or Devonian 
strata. 

As bearing in favor of the really igneous character of the Archean 
is the fact that no case has been demonstrated, except possibly that of 
the marbles, of the production of a perfectly massive crystalline rock 
from a clastic without intervenin g fluidity. Metamorphism, whether 
the originiU rock is a massive eruptive or a stratified sedimentary, pro- 
duce^ a laminated or schistose rock. If a granitic structure can be 
tnkeu as évidence of eruptive origin, and we know many eruptive rocks 
do hâve such a texture, a very strong case can be made for the erup- 
tive origin of thelarger part of the fuiidamental complex. Theline of 
argument is precisely analogous to that by which the whole has been 
beld to be sedimentary. There are comx)lete gradations fiom the most 
completely schistose and laminated phases to the most massive phase. 
Also bearing in favor of a truly eruptive character for the basai com- 
plex is the fact that the rocks referred, in the first part of this section, 
to the Archean are more nearly simulated by igneous rocks which hâve 
eruptive contacts with ancient clastics thanby any recognizable meta- 
morphosed sedimentaries. 

It may be said that the actual gradations between the Algonkian and 
Archean in certain places are évidence that the latter are not igneous 
rocks earlier than the former ; that gradations can be explained between 
subséquent intrusives and cîlastics, but not between igneous rocks and 
sedimentaries of later âge. It has, however, been sliown that as a con- 
séquence of powerful dynamic action two unconformable séries, the 
one of which is composed of materials from the other and therefore 
resembles it in composition, may hâve developed conformable secondary 
structures and gradations conséquent upon the induced crystalline 
character of the clastic séries, the original structures being simultan- 



• Recently Geikie has aiinounced the présence of possible clastics in one area 
doflely asRociated with the Hebridean gneiss. 
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eously obliteratol. Also, receiitly, Pumpelly bas ascertained that sub- 
aerial disintegration of the earlier séries is a i)owerfiil assistance in tbe 
production of sucb gradations. 

Wbatever tbe origin of tbe fundamental complex, it isplain tbattbe 
parts of any given area of it are not ail of tbe same âge. Tbe dikes 
wbicb every wbere eut it are tbe pipes tbrougb wbicb bave passed tbe 
later eruptives. At tbe time of tbe intrusion of tbese eruptives, large 
lakes of liquid material may bave formed wbicb crystallized as bosses, 
causing tbe Arcbean to.contain considérable masses of rocks of really 
later âge. Wbere tbese rocks are prédominant, tbe material must be 
classifîed as a later eruptive ; wbere tbey are subordiuate to tbe Arcbean 
material, tbey are often diflBcult to separate from it, altbougb really 
later in âge. Between tbe areas wbicb rank as eruptives of later âge 
and tbe genuine Arcbean, tbere are doubtless gradations. Along tbe 
zone of contact, if tbe mass of later eruptive be great, tbere migbt be 
an area wbicb could equally well be placed witb tbe fundamental com- 
plex or witb tbe later eruptive. Between tbe Arcbean and later erup- 
tives, as between tbe Arcbean and undoubted sedimentaries, tbere are 
gradations. 

Tbe i)roblem of tbe relations of tbe Arcbean, a« a wbole, to tbe over- 
lying clastics is tbe same as tbat witbin tbe Arcbean itself. Tbe ànely 
laminated crystalline scbists and gneisses, and tbe granite-gneisses 
and granités witb wbicb tbey are associated, bave contacts in every 
respect analogous to tbose occasionally found betw^een tbe Arcbean 
complex and tbe clastic séries. For example, tbe rocks beretofore 
called Arcbean on the nortb sbore of Lake Huron comprise two parts. 
One part is older than and lies unconformably below, yielding frag- 
ments to, tbe Original Huronian. Tbe otber part bas relations witb 
tbe clastics of the cbaracter just considered, witb transition phenomena. 
If tbis material is an extraneous intrusive it is a post- Arcbean 
eruptive. If in situ it represents a portion of tbe prelluronian floor 
completely metamorpbosed by sélective metamorpbism, or by aqueo- 
igneous fusion, it can fairly, according to tbe first and second scbools,be 
called a part of the Arcbean. 

It is plain from tbe great diversity of opinion as to tbe origin of the 
Arcbean rocks, and from the fact tbat maiiy of tbe opinions are beliefs 
ratber tban verified cx)nclusions, tbat we bave no definite knowledge 
upon parts of the subject. Tbat tbere are comparatively few or no 
wbolly massive rocks in tbis complex is precisely wbat would be 
expected under any theory. Its bistory is too long. Wbetber origin- 
ally igneous or aciueous, it could not be boped that tbere would be 
found the characteristic litbological forms of igneous or aqneous 
agencies. Many or ail of tbese rocks bave not only been subject to 
tbe movcments wbicb bave taken place since Paleozoic time, but to tbe 
movements wbicb bave occurred in tbe far greater lengtb of previous 
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in part at least, not older tban the fossiliferous séries. If the Arcrliean 
be made to include ail tbe thoroughly crystalline rocks below pre- 
Cambriau elastics, it iucludes rocks the a^je of which varies froin Algon- 
kian to pre-Algonkian. The anomaly is perhaps best met by making 
a more or less arbitrary division betweeu Archean and post-Archean 
crystallines. The natural theoretical i)lane to choose is the beginning 
of life; that is, to include in the Archean ail trnly azoic rocks. While 
this suggestion has a phiusible souud, we must believe that the dawn 
of life was very graduai and that its traces in its early stages are 
exceedingly sparse, so that there would be great, if not insuperable, 
difficulties in its x)ractical application. 

If the third theory, that the Archean includes only pre-sedinientary 
rocks, be correct, its upward limit is easy to define; the Algoukiau 
begins at the time of the déposition of the lirst sedimentaries. But 
there are those who deny the existence at the présent time of any sucb 
ancient rocks, although such concède the existence at one time of sucb 
rocks, and that the Archean as thns defined represents a vast lapse of 
time in the history of the earth. This déniai of the X)resent existence 
of any rocks of greater âge than the oldest sedimentaries isof course a 
pure unverified assumption, defended on the ground of probability. If 
the original crust of the earth be defined as including more than the 
first outer skin, it is a question whether the converse proposition is not 
equally probable. Even if the position be true, the school that believe 
in the igueous origiii of the Archean would still hâve a large mass of 
rocks for tlie Archean by shifting tlieir grounds so as to include iu it 
ail the material vhich, in tlie slow proeess of inward crystallizatiou, has 
now reached the surface of the eartli, not by intrusion in the rocks 
above, but by érosion. Tliis position would, however, be controverted 
by those who regard such ro(îks as plutonic and belonging to the âge 
of their équivalent sedimentaries. But in the nature of the case it is 
not possible to designatiî the particular âge to which thèse rocks belong. 
That there exists upon the surface of the earth a part of the original 
crust of the earth, or its cJowuward continuation by later cooling, eau 
hardly be doubted; and since thèse can never be assigned to any defi- 
nite period of sédimentation, they might well be considered as Archean. 
At any rate, they are a class by themselves which, if not hère placed, 
can not be referred to any of the geological periods. Further, this class 
of rocks, when in contact with detritals of whatever âge, by the very 
hypothesis of their origin must rest unconformably below them. The 
coincidence that so frequently, if notalways, between the ancient sedi- 
mentaries and the basai complex there is a great hiatus, might be urged 
as évidence of the truthfulness of this hypothesis. 

The banded and contorted granite-gneiss, which serves as a back- 
ground for the Archean, may not improbably be the part which has the 
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Stratigraphy of the Archean. — In characterizing the Archeaii the metli- 
ods applicable to its subdivision are clearly i)ointed ont. If no part of 
it is demonstrably sedimentary, structural metliods can not apply. Its 
subdivisions must be made upon purely litliological grounds. If a 
part of it is demonstrably eruptive, the relative âges of thèse parts 
may ofteu be ascertained, and ail are necessarily newer thaii the part 
not recognized as eruptive, else thèse could not be shown to hâve this 
origin. Many attempts to apply stratigraphical methods to parts of 
the Archean hâve been made, but they hâve not thus far been success* 
fui. Such attempts hâve been based upon thc^ belief that foliation 
represents sédimentation ; but, even working upon this erroneous basis, 
it has been stated that the structures are so complicated thut little 
progress has been made. So far as attempts to apply stratigraphical 
methods to this fundamental complex are concerned, the conclusions 
of Whitney and Wadsworth are very largely true. If their review of 
the Azoic rocks had been coufined to this basement System, which is 
perhaps truly Azoic, the conclusion as to its indivisibility on a struct- 
ural basis would liave plausibility. 

NecesHity for a group beticeen Cambrian and Archean, — ^The Olenel- 
lus fauna is taken as the base of the Cambrian. The reasons for thus 
delimiting the Cambrian below are fuUy eonsidered by Mr. Walcott* 
and will be summarized on a subséquent page. His results are accepted. 
The Cambrian fauna in development is far, some biologists say uine- 
tenths of the way, up the life column. This statement, if accepted, 
implies a prior lit'e of vast duratioii. Just as another period of life has 
succeeded the Cambrian, another has i)receded it, The progress of 
paléontologie knowledge has of late been downward. Before there was 
a recognized Cambrian there was a well known Silurian, and it is 
probable that, when ail parts of the world become geologically known, 
other fauuîe will be discovered below the Cambrian, as distinctive in 
charactcr as the Cambrian is from the Silurian. If this be donc, defi- 
nite information will be available to correlate rock séries of différent 
piuts of the world in the time place between the Cambrian and 
Archean. If the conditi<m of the globe were such that life existed in 
pre-Cambriau time, it also was such that stratitied rocks could bedepos- 
ited not unlike those of la ter timcs, so that the only question which 
arises is whether anyof thèse stratitied rocks now remain in such a con- 
dition as to be recognizable. Such iutervening clastic séries do exist 
below the Olenellns fauna in many régions in North America, and in 
some casesthe volumes of rock and great in ter vening érosions represent a 
lapse of time which not iuaptly may be compared with ail subséquent 
time. If geological liistory were to be divided into three approximately 



""Correlatioii l'apers — Cambrian, by C. D. Walcott, 1891. Bulletin 81 U. S. Geo- 
logical Survey, 447 pp. 3 pis. 
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aud Walcott found several low types of fossils iu the pre-Olenellus 
clastics of Newfoundland. 

That thèse fossils are of organic origin can not be doabted. But 
while maiiy will admit the clastic character of the great groups of rocks 
considered, and the organic origin of the fonns mentioned, as well as 
the carbon of the carbonaceous shales and schists, they will say tUat 
thèse are merely évidences that the rocks in which they lie are Gain- 
brian. The reply to this is that it is a question of nomenclature. If it 
is premised that ail clastic and fossiliferous rocks more ancient than 
the Olenellus horizon are Cambrian, it is useless to try to prove that 
there are pre-Cambrian clastic rocks which bear life. It is, however, 
necessary to recognize that the carrying downward of the term Cam- 
brian to cover not only the great thicknesses of rocks which are now 
included but ail pre-Olenellus clastics, will probably make the Cam- 
brian as great as, or greater than, ail thesubsequent periodsputtogether. 
That this is inadvisable is plain, and the clastic rock masses below the 
Olenellus fauna are so enormous that the proposai to introduce a gên- 
erai term like Agnotozoic as the équivalent of Paleozoic, Mesozoic, 
Cenozoic, to cover this great group, is a çonservative one. Irving fore- 
saw that the term would be objected to, because sooner or later the life 
will become to a greater or le«s degree kuown, aud he suggested as an 
alternative for Agnotozoic, Eparchean,in contradistinction to Arcliean, 
which was reserved by him to cover the fundamental complex. As the 
character of the life of this group is already beginning to be known, it 
seenis to me that the terni Proterozoic, considered for the place by Irv- 
ing but rejected, is ])referal)le to either Agnotozoic or Eparcheau. 

In a conférence of the menibers of the United States Geological Sur- 
vey called by the Director at Washington, thèse terms were discussed 
with référence to utlas-sheet mapping, although there was no question 
on the part of any one as to the necessity for some such term. Recog- 
nizing the impracticabilityof correhition of the différent pre-Canibriaa 
clastic séries of différent ])rovinces, and recognizing the fact that for us^ 
in mapping a uniform plan uuist be adopted, it was suggested that a- 
:erm of the same class as Cambrian, Silurian, and Devonian should 
selected for rocks hère inch.dcd, and to occupy this place the 
Algonkian was proposed and aecepted. The proposed gênerai schéma 
of classification for the lower part of the geologii;al column is then a^ 
follows : 

'^Carboniferous, 
Devonian, 
Silurian, 
Cambrian. 

Agnotozoic, or Proterozoic Algonkian. 

Archean Archean. 



Paleozoic < 



C. R. VAS HISE — PEE-CÂMBHIAM BOCKS. 129 

The introduction of the tenu Algoukian bas been obJect«d to by 
aome on tbe groaod that it wilt Buperaede tbe older term Haronian. 
In aoBwei to this it may be said that Huronian bas not been generally 
nsed as Algonkian is deflned, and it tberefore does not supersede tbis 
tenn. Haronian will be retaiiied for certain of tbe clastic séries of 
Lake Superior and Canada, as well as for rocks in an équivalent posl- 
tioQ in otber parts of North America and Europe, if auch équivalence 
can be determined, juat as befure Algonkiim was introdaced. Tbe 
Huronian will stand as one of tbe gieat séries of rocka wbicb togetboF 
make np tbe Algonkian. 

Délimitations of the Algonkian. — The fartber back we go in the hia- 
tory of the worM for any giveu région, the more fréquent bave been the 
changes through which a rock atratuni hiis passed, and tberefore there 
is iucreasing difficulty in deterininiug bounding planes witb sharpoess, 
altbough in différent régions rocka of the same degree of metamorpbism 
may differ vastly in âge. The truth of this is well illastrated by com- 
paring the eastern and western régions of the United Stat«s. In tbe 
former, powerful dyuamic moveraenta hâve occurred until late in Paleo- 
zoic time, as a resnlt of which the Cambrian, Silurian, and Devonian 
rocks over large areas hâve uot been separated IVom the pre-Cambriau. 
Hov mncb more difflcult would one expeet it to be to separate the pre- 
Cambrian clastic séries from the Archeaut lu parts of tbe west, wbere 
no close folding bas occurred siuce Cambrian time, it Is easy to separate 
Uie Cambrian fh>m tbe pre-Cambriau ; and in régions in which meta- 
morpbosing influences hâve not been at work for a still longer time, it 
is easy to separate the pre-Cambriau cUstics fix)m tbe Areheau. But 
in other régions this séparation is made with the greatest difSculty, 
and donbttesB over large areas tbis will never be satiâfactorily done. 
Jost as iu tbe Appalachiaus, in parts of which it may be impractieable 
to separate the Cambrian rocks irom the pre-Cambriau clastic, séries, if 
sncb exista, ao it will be l'or a long time impossible to décide in some 
régions npoD sharp bouudary Unes between tbe pre-Cambrian clastics 
and tbe Archean. Giving <nl] force to this position, it is no reasou wby 
the discrimination shonld not be made where it can be. 

Récent work in i>etrography bas demoustrated that dynamic move- 
ments and environment, not time, are the important élément in tbe 
oblitération of clastic characteristics. Dynamic movements also destroy 
the évidences of discordaucea between séries where there bave been 
real unconformities. This destruction of the évidence of structural 
breaks cornes about largely as the reault of a real parallelism of bed- 
ding, caused by tbe close folding, bat far more important tban this is 
the production of a <^ommon i;Ieavage aiid foliation with the simnka- 
neons development of cry^tallhie schiste from the newer séries. As a 
oonseqneace baaal conglomérâtes are oftentimes àlmost tbe only means 
461 GB 9 
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of discrimiaatiiig betw^een the newer and the older séries, aud if the 
metamorphosiDg influences are powerfui enoagh to destroy the pebbled 
charaeter of sucli beds, changing theni into schists or gneisses, as bas 
occurred in many places in the Cambrian of the Appalachians, this 
means ôf detecting a break betweeu séries is also ]ost. The problem 
is rendered still more diffîcalt becaase of tbe fact that oftentimes when 
there is a real unconformity there has been originally no basai con- 
glomerate. At many localities in the Far West the basement fossili- 
ferons séries are built up of the constituent minerais of the nnderlying 
rocks rather than of large fragments of them, and, even when net 
folded, hâve sometimes so closely simulated the original rocks that 
geologists hâve been at a loss to détermine at what plane the clasties 
end and the crystallines begin. If it has proved diffîcnlt to separate 
the unfolded clasties from underlying crystallines, how mnch more 
difficult must it of necessity be to separate séries that hâve together 
been subjected to intense and perhaps repeated dynamic actions. 

The Algonkian has been defined as ineluding ail recognizable pre- 
Cambrian clasties aud their equivallent crystallines. In the considéra- 
tion of the character, origin, and délimitation of the Archean the lower 
limit of the Algonkian has been given. Its basai x)lane is the lowest of 
the recognizable clastic rocks. It has been seen that there are great 
différences in the ease of récognition of the basai Algonkian plane 
in différent régions. In tbe Uinta Mountains, in the Grand Canyon 
région of Arizona, in portions of the Lake Superior région, in the 
Original Huronian région, and elsewbere,betïveen the Algonkian and the 
Arcbean tbere are great unconformities, above which are the readily 
rei'ognizable clastic rocks, and below wbicb are the tboroughly crystal- 
line basai complexes. Even in many régions in which there hâve been 
repeated foldiugs sinee Arcbean time, and in régions obscnred by 
eruptive activity, it is perfe(*tly clear tbat a large part of the rocks ar 
clastic and belong with tbe Algonkian, wbile other parts hâve ail th 
cliaracteristics of tbe fundamental complex. Occupying an intermed 
ate position are occasionally fouud areas of rocks which can not certainl 
be placed with tbe Algonkian or Arcbean, but tbis difficulty is n 
peculiar to tbis séparation any more tban to other geuerally recogniz 
planes, sucb as tbat separating tbe ('ambrian and Silurian in fold 
districts. Many of tbe members of tbe Canadian Geological Surv 
bave described tbe Huronian and Laurentian as conformable, wi 
gradations between tbe two. Tbis apparent accordance and gnidati 
is, in many cases, due to tbe fact tbat placed with the Huronian a 
many rocks wbicb would, uuder the usage of tbe terms hère propos 
be regarded as Arcbean. In other cases tbere are apparent confor 
ities and gradations between undoubted clasties and the underlyi 
rocks having ail the cliaracteristics of the fundamental complex. T 
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significance of thèse gradations is discussed in auother place (p. 125), 
where it was seen that they are not inconsistent with genuine structural 
breaks. 

It has been stated that the reasons for placing the base of the Cam- 
brian at the Olenellus fauna are cousidered by Walcott, and that his 
résulta are hère accepted. It is, however, to the point to consider 
whether this horizon answers equally well for the upper limit of the 
Algonkian. Evidently ail the arguments brought forward by Walcott 
for placing this fauna as the base of the Cambrian apply as well for 
considering the horizon below this uppermost Algonkian; for thewide- 
spread character, both European and American, of the Olenellus fauna 
makes it a particularly easy one to identify, and therefore valuable for 
the purposes of discrimination. In the Lake Superior région, and in 
many other localities, above the upper Algonkian are unconformities; 
the first of the Cambrian being middle or upper. In other régions, as 
well as in Newfoundland, the upper Algonkian israarked by an uncon- 
formity, and the formation immediately above bears the Olenellus fauna. 
This is the most favorable and clear case. In the Wasatch and several 
other ranges of Utah and Nevada, in British Columbia,andjprobably in 
the Southern Appalachians, below the Olenellus fossiliferous Cambrian 
are conformable séries of quartzites and slates of great thicknesses. 
Are thèse lowest Cambrian or uppermost Algonkian? May not the 
Olenellus fauna in the future be found to extend downward through a 
greater or less thickness of thèse apparently barren rocks? If in any 
région the fauna be found to extend downward for a long way it is 
probable that species and gênera characteristic of the Olenellus horizon, 
as now known, will drop ont and others appear which a'^e différent. 
The Olenellus would thus grade into a pre-Olenellus fauna. Such a 
gradation will doubtless somewhere be found, while in other régions 
the change from an Olenellus fauna to one of a pre-Olenellus type may 
occur abruptly. In either case there will finally appear a fauna which is 
not the présent known Olenellus fauna, but which is as différent from it as 
U tbeCambrian from theSilurian (Ordovician). As the term is hère used 
such afaunaispre-Cambrian,and the rocks containingit are Algonkian. 
In the foUowing paragraphs great barren inferior séries conformably 
below the known Cambrian are placed with the Algonkian on the 
ground of probability . The présence of an abundan t lower Cambrian life 
at a certain horizon within the conformable succession, with apparent 
<x)mplete absence of life in immense thicknesses of rocks conformably 
l)elow, which, so far as lithological character is concerned, are equally 
3ikely to bear fossils, throws the weight of évidence in favor of the 
Jllgonkian âge of thèse rocks. It is, however, more than probable that 
morne part of the conformable downward extensions of the Cambrian, 
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which are hère referred to the Algonkian, will in the fdtare be foand to 
belong with the post- Algonkian. The newest Proterozoic or Algonkian 
rocks of différent regiond may stand in différent iwaitions, jnst as the 
snperior rocks of the Paleozoic may in any given région be Gambriani 
Silnriau, Devonian, or Carboniferoas. 

DifficuUies in Algonkian stratigraphy. — Since, among the pre-Cam- 
brian clastics, paleontology is not yet available in corrélation, it is 
ezceedingly difficult to make widespread subdivisions of the Algonkian, 
snch as are made in later time. The difficnlty is fhrther increased by 
the unequal metamorphism, in différent régions, of séries of the same 
âge. The Algonkian is in jnst snch a position, as regards wide corré- 
lation of its constituent séries, as would be the Paleozoic and Mesosoic, 
if their known fossil contents were so small as to be useless for the par- 
poses of corrélation. The stractare of individnal districts and régions 
conld be worked ont and the formations correlated, but the attempt to 
eqnate the Cambrian, Silnrian, Devonian, or Oarboni£Brous of one 
région with rocks of the same âge in a far distant one wonld be an 
àlmost hopeless undertaking. In the Carboniferoas the beds of coal 
wonld serve as an important gnide, bat, if implicitly followed and no 
fossils were* available, the Triassic of Virginia, the Carboniferoas of 
the central United States, and the Cretaceons of the west woald be 
placed together. If the iron carbonate formation of the Algonkian 
were followed as a guide (which appears to be the most characteristic 
of auy one bed in the Lake Superior région), the results would prob- 
ably be as far from the truth. 

We may perhaps go so far, in some cases, as to correiate senes which. 
occur in différent districts of the same région, when a set of character- 
istic formations forming the séries occur in like order, and the séries^ 
as a whole, is in the same relative position to overlying and subjaoeni 
séries, one or both of which are known to be identical in both dintrirto, ~ 
It is probable, when several pre-Cambrian séries occur of the same gên- 
erai character, with like relations to each other and to the Archeai 
and Cambrian, and not so far apart as to be outside of the same 
logical basin, that a provisional corrélation is warranted. While thei 
it is not practicable to subdivide the Algonkian into gênerai systenuï^s^'^ 
which shall cover the whole of North America, it is often possible 
to do in a single geological basin, or in adjacent basins in which th< 
relations of the separate formations and séries can be worked ont. 

Before consideiiiig the principles applicable to the subdivision am 
corrélation of pre-Cambrian clastics, the successions found in 
of the régions will be recited. No attempt can be made in my 
space to give detailed évidence for the conclusions stated. For this il 
will be necessary to refer to the corrélation paper on the Archean 
Algonkian, published by the United States Geological Survey. 
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Hastings clastics were correlated by Veuiior witji tbe Huronian, and 
with this corrélation certain of tbe officiai Canadian geologists now 
agrée, but afterwards tliey were traced witb breaks of not very great 
distances to tbe Original Laurentian and bave always been tbus mapped. 

The Original Huronian, — Tbe Original Huronian of tbe Nortb Cbannel 
of Lake Huron consista of comparatively little altered quartzites, 
slates, slate-conglomerates, grey wackes, cberts, and limestones, baving 
a total tbickness of 18,000 feet, counting considérable masses of inter- 
stratified greenstone, wbicb are recognized as eruptives. Becent obser- 
vations render it probable tbat tbese rocks are to be divided into two 
unconformable séries, tbe lower of wbicb is 6,000 feet tbick and tbe 
upper 13,000 feet tbick. Tbe first would tbus be properly designated 
as Lower Huronian and tbe second as Upper Huronian. Altbough eut 
locally by later granités, tbe lowest meraber of tbe inferior séries is 
separated from tbe baseinent complex by a great unconformity. Tbe 
upper members rest unconformably below tbe Potsdam saudstone. 
Tbe upper séries is so gently folded tbat tbe careful work of Logan and 
Murray enabled tbem to map tbese rocks in détail and to work out tbeir 
structure. Tbis bas been donc for a considérable district witb as mucb 
certainty and accuracy as in many areas among tbe fossiliferous rocks. 
Tbe rocks were divided into a number of formations wbicb were foand 
to be persistent tbrougbout tbe district. Tbey were traced as a broad 
belt for several bundred miles in a gênerai direction nortbeast. Along 
tbe Canadiaii Pacific Eailway as far as Sudbury, and in tbe vicinity of 
Siidbury, more tliau a gênerai study of tbis great area bas been made. 
Tbe clastic rocks of tbis part of tbe région bave tbe same général 
cbaracter as tbe type district, but in tbe Sudbury district there are 
peculiar contemporaneous volcauic clastics. In tbe little- studied 
remaiuder of tbe région, as mapped, numerous granitic andgneissic areas 
are included, some of wbicb may be subséquent iutrusives, but many 
of wbicb probably represent tbe underlying Arcbean. 

Lake Superior région, — In tbe Lake Su])erior région, between tbe 
Arcbean and tbe Potsdam sandstone, tbe great Algonkian System is 
subdivided into tbree séries, wbicb are separated by very considérable 
unconformities. Tbe lowest séries is closely folded, semicrystaJline, 
and consistsof buiestones, quartzites, mica-slates, mica-scbists, scbist- 
conglomerates, and ferruginous beds, intersected by basic dykes, and 
in certain areas also by acid eruptives. It includes volcanic clastics, 
often agglomeratic, and perbaps its uiost cbaracteristic rock is a greeu, 
cbloritic, finely laminat^d seliist or slate. Tbe tbickness of tbis séries 
bas not been worked out witb accuracy, but it is probably more tban 
5,000 feet. As tbe term Huronian bas been for many years applied 
not only to tbe Upper Huronian séries, but to tbis inferior séries about 
Lake Superior, it is called Lower Huronian. 



C. K. VAN HISE PRE-OAMBRIAN ROCKS. lâ5 

Above this séries is a more gently folded one of conglomérâtes, 
qaartzites, shales, slates, ferruginous beds, interbedded with and eut 
by greenstones, the whole having a maximum thickness of at least 
12,000 feet. In the Animikie district lias been found a fossil track, 
and in the Minnesota quartzites lingulalike forms, as well as an obscure 
trilobitic looking impression. Garbonaceous shales are abundant. In 
its volume, degree of folding, and little altered character the Upper 
Huroniau is in ail respects like the upper séries of the Original 
Huronian, and can be correlated with it with a considérable degree of 
certainty. Above the Upper Huronian is the great Keweenawan séries, 
estimated at its maximum to be 50,000 feet thick, although its average 
thickness is much less. Its lower division consists largely of basic and 
acid volcanic flows, but contains thick beds of interstratified sandstones 
and conglomérâtes, especially in its upper parts. The upper division, 
15,000 feet thick, is whoUy of detrital material. The fragmentai 
material is largely derived from the volcanics of the same séries. 

The unconformities which separate the Lower Huronian from the 
Upper Huronian, and that which séparâtes the latter from the Kewee- 
nawan, each represent an interval of time suflSciently long to raise the 
land above the sea, to fold the rocks, to carry away thousands of feet 
of sédiments, and to depress the land again below the sea. That is, 
each represents an amount of time which, perhaps, is as long as any 
of the periods of déposition themselves. In parts of the région the 
lowest clastic séries rest unconformably upon the fundamental complex, 
but in certain areas the relations hâve not been ascertained. The 
upper of the three clastic séries, the Keweenawan, rests unconformably 
below the Potsdam sandstone. 

In the Lake Superior région it has been possible, with a considérable 
degree of certainty, to refer the detached areas of pre-Cambrian clastic 
rocks to one or another of the three séries mentioned, although there hâve 
been sharp diflferencesof opinion with référence to certain of the areas. 
It has been possible farther to subdivide the séries into formations, 
some of which bave a widespread extent within the région. The best 
results in correlating the subdivisions within the séries hâve been 
reached in the Penokee and Animikie districts. 

Corrélations of séries hâve been in this région based upon uncon- 
formity, upon lithological similarity, upon the belief that the greater 
dynaraic movements which hâve affected the région hâve been wide- 
spread and upon degree of crystallization of the rocks. The corréla- 
tion of the formations within a given séries hâve been based upon 
lithological characters and upon a similar succession of like beds. 

Newfoundland. — In Newfoundland is a clear case of a great séries of 
rockfi,of perhaps 10,000 feet thickness, referred to the Huronian by Mur- 
ray, which is a part of the Algonkian. Hère is found the Olenellus fauna 
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in the basai Cambrian rocks, and thèse are separated by an uncon- 
formity from the underlying clastic séries, in which, however, hâve been 
discovered two or three fossîls of a low type. What the relations of 
this lower slate séries are to the crystalline granite-gneiss, which has 
been referred to the Lanrentiau, is uncertain. Ko évidence is available 
showing that lower than this slate séries are any clastics. Certain of 
the granités of the island of Newfoundland are intrusive, of later âge 
than the slates, some of them being as récent as Carboniferous; so 
that it is not impossible that many of the granités, syenites, and por- 
phyries referred to the Laurentian may be of far later âge. 

Grand Canyon of the Colorado, — The Algonkian in the Grand Canyon 
région is represented by three séries, the Chuar, the Grand Canyon, and 
the Vishnn. The Chuar séries consists of shales and limestoues over 
5,000 feet thick. It contains a iànna of a pre-Cambrian type, including 
at least five distinct forms. The Grand Canyon séries is of sandstones, 
with basic lava flows in its upper parts, and is nearly 7,000 feet thick. 
The Vishnu séries consists of bedded quartzites and schists, eut by 
intrusive granité, and is known to be at least 1,000 feet thick, but how 
much thicker has not been determined as it has not been measured to 
its base. The Chuar rests upon the Grand Canyon, and between the 
two is a minor unconformity. TheGrand Canyon rests upon the Vishnu, 
and between the two is another unconformity. The Chuar and Grand 
Canyon sédiments are wholly unmetamorphosed, while the Vishnu sédi- 
ments are indurated quartzites and semi-crystalline schists. Between 
thèse séries, as a whole, and the underlying Archean complex is a very 
great unconformity. Between the Chuar and the Tonto sandstone 
(Upper Cambrian), there is another unconformity sufficient to hâve 
caused the cutting across of at least 10,000 feet of the flexed beds of the 
Grand Canyon and Chuar séries. In this région is the fullest known 
succession of Algonkian rocks in the United States, with the exception 
of the Lake Superior région. The statemeut would not be warranted 
that the séries hère found stand as the équivalent of like séries in the 
latter région, but there is a remarkable lithological likeness both in the 
detrital and eruptive material of the Chuar and Grand Canyon to the 
Keweenawan. Also thèse séries occupy a position of unconformity 
below the Upper Cambrian as does tbe the Keweenawan, and are sepa- 
rated by an unconformity from a séries of quartzites and quartz-schists 
which are analogous to the Huronian. Tbis latter, the Vishnu séries, is 
not well known, so that it is unsafe to assert whether it is nearer like 
the Lower or the Upper Huronian of the Lake Superior région. 

Other Algonkian areas, — Besides the foregoing régions in which one 
or more séries of Algonkian rocks occur, there are many régions in 
North America of which the saine is true, but space does not permit 
that an attempt be made to give the succession for each. 
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ground tbat a séries as a whole has a certain color^ which bas been 
thought to be cbaracteristic of tbe period. At otber times the aband- 
ance of volcaiiic material bas been tbe reasou for tbe référence. Again, 
quartzites from tbe Appalacbians to tbe Black Hills bave been corre- 
lated on no otber ground tban litbological likeness, as tbougb tbick sand- 
stone formations, wbicb subsequently bave been cemented to quartzites, 
bave been produced but once in tbe bistory of tbe world. To some 
geologists tbe degree of crystallization bas been tbe controlling fact. In 
otber cases tbe occurrence of some minerai or association of minerais 
bas been tbe giound upon wbicb tbe référence of tbe containing for- 
mation is made to some spécifie period. 

As a natural resnlt of work of tbis kind, rocks of a certain litbologi- 
cal cbaracter or degree of crystallization or containing certain constitu- 
ents bave been called Arvonian, Huronian, Norian, Laurentian, as tbe 
case may be, wbicb bave afterwards proved to be bigb in tbe Paleozoic. 
Otber séries wbicb are now known to be pre-Cambrian bave been called 
Triassic because of a prevailiug red bue. 

Any of tbe above cbaracteristics may be a valuable guide in a given 
district or, witb qualifying and guiding facts of a différent cbaracter, 
in a région; but it is tbeir use in an indiscriminate manner, on tbe 
assumption tbat rocks of a given time are every wbere alike, tbat is pro- 
tested against. Wben it is everywbere recognized tbat, considering 
tbe continent as a wbole, âge is no guide to tbe cbemical or minerai 
comi^osition, texture, color, degree of crystallization, or any otber prop- 
erty of a formation, or vice versa, we sliall be ou tbe way to use tbe 
properties of rocks in districts and régions as guides to âge. For tbe 
most part tbis prineiple bas been recognized, if not practically, at least 
tbeoretically ; but at one point tbis is less true tban witb tbe otbers. 
Degree of crystallization, because often so useful in a district, bas been 
used by many as a gênerai guide in corrélation, altbougb tbe elder 
Hitcbcock, Kogers, Adanis, and otbers gave early warning against 
sucb practices. It eau not be too strongly insisted upon tbat contact 
action of great masses of eruptive rocks, and dynamic action aecom- 
panying tbis, or dynamic action witbout accompanying volcanic activ- 
ity,are prime and perbaps tbe cbief causes in tbe majority of cases for 
tbe production of crystallization, not âge and deptli of buryiug, altbougb 
tbesc may be contributory causes and at times tbe prédominant ones. 

No one would tbink of maintaiuing tbat in post-Cambrian times a 
rock of a certîiin composition is of a definite âge; neitber would any 
one tbink of referring a rock to tbe Devonian, Silurian, or Cambrian 
upon tbe degree of its crystallization. To suppose tbat tbe plane of 
tlie basai Cambrian is ania^ic one, below wbicb uew conditions of sedi- 
mentuticm prevailed and an entirely ditïeriMit set of principles apply 
in stratigrapliy, is to assume a révolution in tbe conditions of tbe world 
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important and controUing a gaide as in the post-Cambrian ; for probably 
fhe farther we go back from the Gambrian, the simrser and siMuraer will 
the recognizable life-remains beeome* 

As a resolt of the average greater crystalline cboracter of the pre- 
Gambrian rocks and the freqnency in them of seoondary stmctnreSi 
the principles of working ont stratigraphy, in régions in which deavage- 
foliation occurs with partial or total oblitération of stratification folia- 
tion, are of the ntmost importance. The &Uare to clearly recognize 
and apply thèse principles has leffc the crystalline Gambrian and post- 
Gambrian séries of the Appalachians in a state of oonfiision fbr many 
years. Within the last décade, by a récognition and a close application 
of them, a new start has been made in the stndy of this difBcnlt région. 

That it will not do to regard slaty cleavage or foliation as bedding 
has long been recognized, althongh it has often occorred ihat in régions 
in which tliis has been distinctiy statéd, it has àlso been said ihat 
bedding and cleavage do correspond witiiont any évidence of snch 
correspondence being given. When tangentiai thnist is ihe cause of 
cleavage or foliation, the gênerai principle appears to be tiiat thèse 
structures accord with bedding when they are prodnced by the accom- 
modations of the beds over one another, with conséquent shearing par- 
sdlel to the beds, but they do not accord with bedding when the stmo- 
tures are prodnced as a resuit of the mashing or flowage of the whole 
mass of strata. Slipping parallel to the bedding is likely to oocor 
when the beds differ in strength, i. e., are composed of more or leas 
iudurated alternating layers of shale, grit, sandstone, and limestone. 
Mashing is likoly to occur when a thick shale formation is subjected to 
tangentiai tbrust. In certain séries both mashing and shearing par- 
allel to the beds may occur in différent degrees. Either may be pré- 
dominant, and thus there may be ail gradations between cleavage or 
foliation parallel to and transverse to the bedding, or both may occnr 
together or closely associated. 

It is not impossible that deeply buried beds may become thoroaghly 
crystalline, with foliation and bedding parallel, when superincumbent 
pressure and metîisomatic changes or laccolitic intrusions are the pré- 
dominant forces, lu sucli cases the structures of the recrystallized 
rock will uaturally conform to tbe bedding, and it is probable that dif- 
férences in the original characters of the layers will be preserved in 
the metamorpliosed rock. A uiicasehist or gneiss thus derived from 
a shale or an arkose, now showiiig in its interior structure no évidence 
of ehistic character, niight be uiiderlain by a quartzite which was pro- 
duced by the cémentation of a (|uartzose sandstone. This quartzite at 
tlie présent tinie would reveal its detrital ori^in, while the mica-schist 
or gneiss might not. Soine such causes, eombined, perhaps, with the 
shearing parallel to the bedding, seem to explain the thick beds of 
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mica-schist (the structures of which umnistakably correspond witb bed- 
ding), which overlie the quartzites of the Penokee and Marquette séries 
of Michigan and Wisconsin. A crystiUine séries of the origin sug- 
gested, which subsequently reached the surface by denudation, raight 
be foldedy but not sufficiently to produce a new secondary structure, 
when the différent bands of différent character would truly represent 
sedimcntary beds. Some such explanation seems to fit the gently folded, 
thoroughly crystalline mica-schists and gneisses of the Blue Ridge west 
of Old Fort, North Carolina. In the Adirondacks, where the schistose 
structure and bedding of the Algonkian rocks appear to correspond, 
the shearing of the beds over one another aiid the great laccolites or 
batholites of gabbro are probably the chief cause of the metamorphism. 

In crystalline séries, when but one structure can be found, it is safe 
only to assume that it is foliation. Not only will it not do to use 
cleavage for working ont structure, but an actual regular alternation 
of minerai constituents in schistose and gneissoid rocks can not be 
regarded as any évidence of sédimentation. The great séries of regu- 
larly banded gneisses, in which alternate zones of nearly pure feldspar 
and other zones in which the bisilicates are concentrated, if taken as 
due to sédimentation would resuit in the conclusion that the thickness 
of the beds in which thèse structures occur is incredibly great. In 
thoroughly schistose rocks it is mauifest that the best and most reliable 
ineans,upon which to base a conclusion as to strikes and dips, is to tind 
contacts between thick beds of rock of a fundamentally différent char- 
acter, as a layer of quartzite, quartzschist or mica-schist, withliiuestone, 
or either of thèse with gneiss. 

The clearest, briefest, and most comprehensive enunciation of the 
principles applicable to a formation, in which are cleavage-foliation and 
stratification-foliation, known to the writer, is that of Dale and Pum- 
pelly, which is hère quoted in substance, slight modifications being 
made to fit the change of setting. 

I. Lamination may be either stratification-foUation, or cleavage-foliation, orboth; 
or Bometimes ''false bedding." To establish conformability the couformability of 
the Btratifîcation-fonations must be shown. 

II. Stratification-foliation is indicated by; (a) the course of minute but visible 
plications; (b) the course of the microscopio plications; (c) the gênerai course of 
the qnartz laminœ^ whenever they can be clearly distinguished from those which lie 
in the cleavage planes. 

This statement was made with référence to a particular district. It 
is of course whoUy possible that some other substance should play the 
same rôle as quartz. In the application of thèse criteria it must be 
premised that the parting is not a second or third cleavage. If an 
earlier cleavage existed, the criteria might give the direction of this 
first one rather than the bedding, which might hâve become obliterated 
at the time of the development of the first cleavage. 
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III. Cleavage-foliation may consist of ; (a) planes produced by or coïncident with 
the faalted liinbs of tbc minute plicatlons; (b) planes of fracture, resembling joints 
on a very minute scale, witli or without faultiug of tbe plications; (c) a cleavaji^ 
approaching slaty-cleavage, in which tbe axes of ail tbe particles bave assnmed 
eitber tbe direction of tbe cleavage or one formiug a very acute angle to it, and 
wbere stratification-foliation is no longer visible, (d) A secondary cleavage, resemb- 
ling a minute jointing, may occur. 

IV. Tbe degree and direction of tbe pitcb of a fold are indicated by thosc of tbe 
axes of tbe minor plications on its sides. 

V. Tbe dtrike of tbe stratification-foliation and cleavage-foliation often differ in 
tbe same rock, and are tben regarded as indicating a pitcbing fold. 

VI. Sacb a correspondence exists between tbe stratification and cleavage- folia- 
tions of tbe great folds and tbose of tbe minute plications, tbat a very small spéci- 
men properly oriented gives, in many cases, tbe key to tbe structure over a large 
portion of tbe side of a fold. 

The first four of thèse six principles are taken from the staudard 
authorities, but the last three, ï believe, are new and are due to 
Pumpelly. It is to be noted that the statement of thèse principles has 
been inspired by a study of a région which has proved to be wholly 
Cambrian or post-Cambrian. 

The principles of lithological corrélation enunciated by Irving are as 
follows, except that Séries is hère substituted for Group, and Algon- 
kian for Huronian, so as to make the terminology correspond with that 
used in this paper : 

Litbological cbaracters are properly used in classification — 

(1) To place adjacent formations in différent séries, on acconnt of tbeir litholog- 
ical dissimilarities, wben sucb dissimilarities are plainly tbe resuit of great altéra- 
tion in tne lower one of tbe two formations and are uot coutradicted by structural 
évidence, or, if used as confirmatory évidence only, wben sucb dissimilarities are the 
resuit of original depositional conditions. 

(2) To coUect togetber in a single séries adjacent formations because of litbologi- 
cal similarities, wben sucU similarities are used as confirmatory évidence only. 

(3) To correlate séries and formations of différent parts of a single geological 
basin, wben sucb corrélations are cbecked by stratigrapby and particularly by 
observations raade at numcrous points between tbe successions correlated. 

Tboy are improperly used — 

(1) To place adjacent formations in différent séries, on account of litbological dis- 
similarities, wben sucb dissimilarities are merely tbe resuit of différences in original 
depositional conditions, and wben sucb évidence of distinction is not confirmed by 
or coutradicted by structural and paleontological évidence. 

(2) To collect in a single séries adjacent formations because of litbological simi- 
larities, wben sucb similarities are not confirmed by or are coutradicted by other 
évidence. 

(3) To establisb gênerai corrélations between tbe clastic séries of différent geo- 
logical basins, except i)08sil)ly wben tbe gueissic and true crystalline-scbist base- 
ment formation of one région is comparod witb tbe similar basement formation of 
anotber. 

(4) To establisb and détermine any world-wide snbdivisions of tbe non-eruptive 
basement crystallines (i. e., tboso which underlie the clastic séries, hère called 
Algonkian) atleaatnntil very nuicli more defiuite évidence of tbe existence of suoh 
subdivisions be gathered than has hitherto been doue. 
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In applying thèse principles it must not be forgotten that a bed of 
one cbaracter may thin out and disapx>ear; may gradually cbaDge from 
a limestone to a sbale, from a sbale to a sandstoue or conglomerate; and 
that sometîmes tbe change may be abrui)t, as, perhaps, iipon the oppo- 
site sides of an axial ridge, one side of which faces to ward tlie océan and 
the other toward an interior sea. AU formations, however widespread, 
terminate somewhere. A single formation of a certain lithological 
cbaracter can only be assumed to be the same bed in a district, ^Then 
it has been démons trated to be persistent over a wide area. When 
several characteristic formations occur in a definite order in différent 
parts of the same district, the probability that they are of identical âge 
isgreater than with a single formation, found to be alike at separate 
points. 

The principles applicable to corrélation by unconformities are given 
by Irving as follows: 

The structural breaks called unconformities are properly used in classification — 

(1) To mark the boundaries of the rock séries of a given région. 

(2) To âid in establishing corrélations between the formations of difi'erent parts of 
a shigle geological basin. 

(3) To aid in the establishment of corrélations between the séries of régions dis- 
tantlT remoyed from one another; but caution is needed in attcmpting such corréla- 
tions in proportion as the distances between the régions compared grow greater. 

They are improperly ignored — 

(1) When the évidence they offer as to separateness is allowed to be overborne by 
anything btit the most complète and weighty of paleontological évidence. 

Irving's discussion leading to thèse principles shows that oftentimes 
unconformities are the most widespread and important of any of the 
means available to obtain starting planes for comparisons, and that 
they hâve the place of first importance in making the major subdi- 
visions for a région of the pre-Cambrian clastic rocks. An orosion 
interval can only occur as a resuit of the raising of a distiict above the 
sea, a time of dégradation, and then a dépression below the sea; and 
if there is a true uncomformity there must also hâve been an orographie 
movement and érosion long enough continued to truncate the folds. 
The érosion interval, if extended over a large area, implies a consid- 
érable time break; while the unconformity, if it is marked, can hardly 
be less than régional in extent. When the newer séries is undisturbed, 
an unconformity is one of the easiest of phenomena to detect, but, more 
frequently than not among the pre-Cambrian rocks, the older and newer 
séries hâve again been folded, and this folding has oftentimes gone so 
far as to produce a cleavage or foliation, which cuts across both older 
and newer séries and makes their most prominent structure in abso- 
lute conformity. Even if this degree of folding has not occurred, and 
the process has not gone far enough to produce prominent secondary 
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was deiK)8ited. lu sach cases, bosses, coiiteiii]>oraneoas or intrusive 
beds, volcauic fragmentai material, or dikes may occar in the older 
séries wliicli nowhere are a«sociated with the newer. It is possible of 
course that eruptives may penetrate the inferior members of a séries 
and uever reach the higher formations, but if it is found that the sap- 
posed inferior séries is associated with abuudant uiaterial of igneons 
origin, which never passes beyond a certain plane, it is alniost démon- 
strative évidence of the later âge of the newer séries* A notable 
instance of this is found in the Doe river sei'tion of eastern Tennessee, 
where the granitic rocks, supposed to be older than the associated clas- 
tics, are eut by very numerous schistose dikes which never intrude the 
latter. It might be reasonably inferred, if it were not for thèse dikes, 
that the granitic rock is an ernptive later than the clastics (although 
the absence of contact phenomena would be against this), but as the 
basic dikes are unquestionably intrusives of later âge than the gran- 
ités, and yet never eut the slates, this explanation can not possibly 
apply. Evidence of tliis kind is particuîarly décisive if the dikes are 
traced up to the planer of contact and hâve been found to be eroded or 
disintegrated, as is the case in the Stumford dike at Olarksburg 
mountain, Massac^husetts, described by Pumi>e]]y, which euabled this 
author to positively détermine, what had been believed before, that the 
granitoid gneiss is unconformably under the Cambrian quartzite. 

(5) Closely connected witli (3) and (4) is degree of crystallizatiou as 
a guide to unconformities. It lias been seeu that crystalline eharacter 
is often taken on in proportion as dynainic action occurs. When the 
folding which has affected only the older séries has been severe, it as 
a wliole will be more crystalline in eharacter than the newer. Also 
the ])resence of igiieous material is often a potent factor in the pro<luc- 
tion of cristalline eharacter. As, however, reeryst^illizatiou is alsa 
X)roduced by metasomatic change, this criteriou must be used with eau- 
tion and as a cause to search for other evidenccîs of an unconforniity^ 
rather than alone as a basis upon which to infer an unconformity. 
But even difterence of amount of metasomatic change, if the rocks ar^^ ^ 
equally likely to be aftected by thèse processes, may be évidence of dif-- " 
fer(»nce in âge. In deterniining degree of crystallizatiou the niodent ^ 
petroj^raphical niethods serve one of tlieir most useful purposes, since^ ^ 
many rocks, whicli in exposnre or in liand-specimen appear to be about- " ^"^ 
equally crystalline, are sliown in thin section to be of a fundamentally 
différent eharacter. A c()ni])letely crystalline rock sometimes can nol 
be discriniinated niacroscopically froni one which is merely indurated 
by cémentation. For instance, a tlioroughly crystalline granité and a 
re(M)niposed rock l>nilt nj» of tlie débris of this granité, espeiûally when 
the ])arlicles arc in tlic forni of individnal minerais rather than i)ebbles, 
l)rcsent mu<'h the sanie app<'aran<-e in niass; bnt a gkince at sections- 
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disturbed. One case of tbis is the ocuiirreiice of a uniform belt of 
stratified rocks wliicli, perhap» with a nioDoclinal stracture and a 
Bomewbat UDiform strîke and dip, runs for ^reat distances, the rocks 
of tbe adjacent unconformable séries being bere of one kind and tbere 
of anotber kind. Tbe évidence for tbe uuconformity in this case is 
still fartber empbasized if tbe lower séries, instead of liaving a simple 
structure, is folded in a complex mauner. General lield relations may 
betray unconformity even wben the newer séries has been folded in a 
more complex nianner, as, for instance, baving been subjected to two 
orographie movenients, the lîrst of which placed it in a monoclinal 
attitude, and the second of which, at right angles to this first force, 
gave it a fluted structure. The lower séries, instead of having this 
regular structure, being subjected to still earlier orographie niove- 
meuts, would be more irregular in its foldings and faultings, and the 
différence in simplicity of structure of the two séries would increase 
in proiK)rtion to tbe number and intensity of the earlier movements. 
ITowever, as the movements which bave affected the newer séries 
increase, the diflficulty of discovering discordances by gênerai field 
relations is increased. Thèse and other cases of gênerai field relations 
which show unconformity may not appear to the observer while doiug 
detailed work, since no contact or other ordinary indication of uncon- 
formity is found, but strongly appear wben the work is platted. To 
the miud of the writer, gênerai field relations of the kinds above cited 
are more décisive évidence of unconformity than almost auy kind of 
local relations. AVbeii tlie local proofs above cousidered, combiued 
with gênerai liekl relations, unité to show an unconformity, as is gen- 
erally tbe case if the work takcs advantage of ail the facts available, 
the a^cumulated évidence for discordant relations, even iû diffîcult 
and folded regicms, is of'tentinies décisive. 

Unconformitics bave been frcqucntly inferrcd on insuôicient groand. 
This bas sonictinics resultcd from regarding surface igneous rocks as 
sedimeutaiy, and tbe basai conglonierate overlying such a formation 
as eviden(;e of unconformity. More Irequcntly tbe misinterpreted evi- 
dcnceoi unconformity is a discordance in foliation; sometimes cited as 
occarring in actual contact, but at other times being a discordance 
only in tbe strike and dip of foliation at sonie distance. A contact 
discoîdance of foliation or bcdding may occur as a resuit of faulting. 
The strikes and dips of banded and contorted schiste and gueisses 
oftcn vary so <^rcatly witliin sliort intcrvals that a différence of this 
kind can not be taken as indication of discordances. This error has 
occurr<*d becausc it bas been assumed tbat cleavage-foliation accords 
witli scdiuirntation. Wben it is practically, not tbeoretic^illy, reco^'- 
nizcd that this structure is secondary, may bc ])roduced in either sedi- 
mcntary or igneous rocks, and tbat it gencrally does not correspoa 



150 COMMUNICATIONS SUR LA CORRÉLATION DES ROCHES. 

carefully studied iuclude the Original Huroniau of Lake Hnron, several 
sma?l areas about Ottawa aud betweeu the Ottawa Eiver and Lake 
Ontario, a few small arcas about the Lake Saperior région, a smali part 
of western Massachusetts, and a part of Maryland. Even in thèse 
districts, the work at many points is rather old and to a certain exteut 
unsatisfactory. Before reliable maps can be obtained, this old work 
must be thoroughly revised in the light of the récent advances in the 
methods of study of the crystalline rocks. By this it is not iniplied 
that the more gênerai work is not of superlative value and of necessity 
must précède the more accurate accounts. A beginning has been made 
in American pre-Cambrian stratigraphy, but the great mass of work 
remains for the future. 
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the first method fâils because outcrops are partiy covered tbe second 
is employed to correlate the rocks of neighboring exposures. 

3. Through similarity of lithologie séquence. — Wliere two or more b^ds 
at one locality correspond in lithologie character and thickness with 
the beds observed in another locality and succeed one another in the 
same order, the corrélation of the strata of the two localities is more 
trustworthy than when the correspondence is conôned to a single bed. 
Tliis method has great use in the tracing of terranes from point to point 
within the same géologie province. It is »ometimes used in compariug 
the strata of two provinces, but the propriety of such use may be 
questioned. 

4. Through unconformities. — The time intervais corresponding to 
unconformities render them of great value in classification of local 
stratigraphie columns, and/ almost of necessity the parts into which 
Ihey divide local columns are compared one with another in the dis- 
cussion of corrélations. If the same time intervais were every wbere 
recorded the problem of corrélation would be greatly simplified, and 
there is great temptation to postulate the uni versality of unconformities. 
Unfortunately there is no foundation for such a postulate. Emergence 
and submergence ai)pear to be local cléments of géologie history and 
uneonformity has only local value as a means of corrélation. This 
metho<l, like the preceding, is often valuable within a single géologie 
province and usually misleading when employed in the comparison of 
two provinces. 

5. Through the simultaneous relations of diverse deposits to somephys- 
ical event, — A beach, for example, may be correlated with lacustrine 
deposits encircled by it and with alluvial dei)Osits of a neighboring 
stream. A base level plane may be correlated with a continuons sub- 
aqueous deposit. A marginal moraine may be correlated with overwash 
gravels on one side and a ground moraine on the other. In the Pleisto- 
cene, glacial deposits of varions kinds are widely correlated with référ- 
ence to a climatic épisode assumed to arise irom some gênerai cause. 
The use of this method implies large knowledge of the conditions under 
which the deposits, or other features correlated, were produeed, and 
for this reason it has thus far beeu applied only in cases where the 
jihenomena compared are of so récent origin as not to be concealed by 
subséquent deposits. 

6. Tlirough comparison of changes deposits hâve experienced from the 
action of géologie processes supposed to be continuous. — For example, 
the older and newer drift deposits of diôcrent régions are correlated 
according to the relative exteiit of their weathering and érosion. As 
récent deposit.s are not usually indurated, as older deposits are usually 
indurated, and as the oldest deposits are metamorphosed, induration 
and metamorphisni give presumptive évidence of âge, but this pre* 
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respondiug confidence. Tbe case is similar t<o that of corrélation 
tbrough similarity of lithologie séquence (3) as compared with corréla- 
tion througli lithologie similarity (3). 

9. Through comparison offaunas tcith preaent life. — This method was 
proposed by Sir Charles Lyell for tlie classification ofTertiarydeposits. 
He put into one category every fauna the number of whose living 
speciesbore a certain ratio to the total number of its species liviug 
and extinct. The standard percentages he indicated for the principal 
divisions of the Tertiary no longer obtain because the opinions of 
students as to what constitutes spécifie identity hâve undergone change, 
but the gênerai principle t-o which he appealed — that the later Ter- 
tiary faunas are more closely related to living faunas than are theearly 
Tertiary faunas — is still sparingly used in ex)rrelation. The underly- 
ing postulate that faunal change proceeds in ail districts and under ail 
conditions at appproximately the same rate is open to serions doubt, 
and the method can not claiin high précision, but it nevertheless has a 
certain utility, as it is available in some cases to which no other methods 
apply. 

10. Through the relations of faunas to cUmatic épisodes. —This method 
is used only in the discrimination of Pleistocene deposits. It has been 
determined in numerous instances that during the Pleistocene boréal 
forms migrated to lower latitudes, and a Pleistocene date is therefore 
inferred for faunas indicative of a colder climats than now exists in 
the localities of their discovery. 

As in the physical, so in the biotic methods of corrélation, the prin- 
cipal limitations arise froni the pheuomena of géographie distribution. 
The only methods applicable to the faunas of the earlier periods are 
the seventh and eiglith, and the difïiculties inhérent in their use for the 
corrélation of faunas widely separatc^d are illustrated if attempt is made 
to apply them to living faunas. Assuming that the faunas of opposed 
hémisphères were as diverse in Mesozoic and Paleozoic time as they 
are now the détermination of world-wide synchrouy ismanifestly fraught 
with difficulty. 

The strength and the weakness of biotic coiTelation are illustrated 
when the corrélation of a new fauna is independently attempted by 
means of subfaunas of which it is constituted. By reason of the spe- 
cialization of paléontologie work it frequently happens that the verte- 
brates, the invertebrates, and the plants of a new fauna are separately 
compared with standards. In some cases the results are accordant, in 
other cases discordant, and the tact that disct^rdance often results ha« 
tended to diminisli the confidence with which unqualified determina- 
ticms by paleontologists are received. It has sometimes been found, 
however, that as data multii)ly and biotic corrélations are revised there 
is a tendency toward harniony in the results obtained by the students 
of différent biotic groups. 
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Some species ai« long lived, surviviiig not only from epocli to eiK)ch 
but from period to period ; others are short lived, terminating their 
existence within a single epoch, or, so far as the record t-ells us, witbin 
a single âge. A short lived species is diagnostic of the epoch or âge to 
which it belongs and is valuable for purposes of corrélation. A species 
continuîng through many âges without change is of little value. Some 
species are widely dispersed, occurriug in différent continents or in dif- 
férent océans; others are eonfinecl to a small géographie province. 
Widely distributed species serve the purposes of corrélation; highly 
localized species are rarely of use. In gênerai the value of a species 
forpuri)Ose« of corrélation is inversely as its range in time, and directly 
as its range in space. Unfortunately the species with the widest range 
in space are apt to range widely. in time also. 

The value of a biotic group for purposes of corrélation dépends (1) on 
the range of its species in time and space, (2) ou the exteut to which 
its représentatives are preserved. 

Mr. VON ZiTTEL si>oke in référence to the biotic methods and gave 
his opinion of the relative value of plants and animais for purposes of 
corrélation. He regarded plants as relatively unimportant. Among 
animais those which are marine, lacustrine, and terrestrial may be 
distinguished. Of thèse classes marine invertebrates are most valu- 
able for purposes of corrélation. The vertebrates change rapidly, but 
are frequently altogether wantiug. For instance, almost no vertebrates 
occur in the Alpine beds correspondiug in âge to those which contain 
the mammalian fauna of the Paris basin. In certain lacustrine depos- 
its invert-ebrates may be absent, and in such cases the vertebrate fauna 
is the surest guide. 

Mr. DE Geer i>ointâ ont that statistical analyses of the fossil faunas, 
with référence not only to the number of species but also with 
regard to that of individuals, aâord valuable data for a more objective 
and far-reaching study of the différent localities, of their varying 
bathymetrical and climatical conditions, and of the succession in which 
the species that hâve been preserved appear and disappear in each 
locality. It is évident that two faunas which, from a bare enumeration 
of the species, may seem to be almost identical, may very well be quite 
distinct as regards the really characteristic and prédominant species. 
On the other hand, faunas with but few species in common may be more 
allied than would apx)ear from mère lists of species, if those which are 
common to the two are the most prédominant ones. 

In rocks of slight cohérence which can be thoroughly searched the 
fossils in a given cubic mass should be counted, in harder rocks those 
in a square surface; and, even where neither method is possible, it is 
always better to give the number of individuals found than to give 
only the names of the dilferent species, if only to demonstrate the 
imi>erfection of the paleontological record. 
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He lias for several years employée! Buch statistical analyses of Pleis- 
tocene aud Cretaceous fauiias in Sweden, and is convînced tbat this 
metbod of investigation is important, wherever one attempts to pass 
from tbe first rougli approximations in biotic corrélation to a more 
exact tracing of tbe différent borizons. 

Mk. Marsh expressed bis agrcement in gênerai witb tbe conclusions 
communicated hy Prof, von Zittel, but woiild give S|)ecial weigbt to 
vertebrate foasils. 

In 1877, be bad endeavored to bring togetber some results of bis 
researcbes, in tbeEockymoun tain région and in otberpartsoftbecoantry, 
relating to tbe succession of vertebrate life.* Tbis led to a comparison 
ot tbe relative value of tbe tbree différent groups of fossils — ^plants, 
invertebrates, and vertebrates — in marking geological time. In ezam- 
ining tbe subject witb some care, befound tbat, for tbis purjiose, plants 
are not satisfactory witnesses; tbat invertebrate animais are mach 
better ; but tbat vertebrates afford tbe most reliable évidence of cliniatic 
and otber geological cbanges. Tbe subdivisions of tbe latter group, 
and, in fact, ail forms of animal life, are of value in tbis respect, mainly 
according to tbe i>erfection of tbeir organization, or zoological rank. 
Fisbes, for exami)le, are but sligbtly affected by cbanges tbat woiild 
destroy reptiles or birds, and tbe bigber mammals succamb under 
influences tbat tbe lower forms pass tbrougb in safety. Tbe sx>ecial 
applications of tbis gênerai law, and its value in geology, readily sug- 
gest tbemselves. 

In accordauee with this prineiple, be next attempted to define tbe 
imncipal geological horizons in tbe West wbicb be bad jwrsoually 
investigated, ami then taking in each the largest and most dominant 
vert(»l)rate form which chara<terized it, used the name for tbe horizon. 
In tbe sanie way, some of tlie i)rincipal horizons of tho East were nanied, 
and the wbole brought togetb(»r in a seetion to illustra te vertebrate life 
in Aineiica.t 

The names thus given to varions horizons were not intended to replace 
those already ai»plied, but nierely to supplément them, and by new 
évidence, to clear up those in doubt. The sa nie prineiple bad long 
beforebeen found to work adnnrably in Euroi)e, where certain cbaracter- 
istic invertebrate» fossils, cs])ccially ammonites, bad served to mark 
definitely varions subdivisions of a single formation. Tbe wider appli- 
cation of the prineiple to vertebrate fossils, from tbeir earliest known 
appearanie to the présent timc, has alrrady helped to complète tbe 
record of vertebrate life in America, and rcndered an e^^ual service to 
systematic <»:e()logy. 

* Tntrodiictioii and Sucression of Vertebrato J-,il'«* in Annrica. Address before tlie 
American Association for tlic Advanccnicnt ol" àScimcc, NashviJJe, Tenu., Augiist ÎK), 
1«77. 

tTbe same address, frontispices. 
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Silice tliis niethod of definini^ geological horizons by vertebrate fossils 
was first used by liim in 1877, niany imi>ortant discoveries liavo been 
made, especially in the West, and mu<.*h information bearing ou the 
snbjec^t bas been obtained from varions qnarters. Id 1884, be revised 
and extended the first section for bis monograph on the IHnocerata^ 
and it seenisfitting on the^)resent occasion to bring together once more 
souie of the later évidence, and phice on record the more important 
horizons now known to him by persoual exploration, or by other investi- 
gations which he bas veritied. 

Tlie acconipanying section is designed to represent in outline, in 
their geological order, the successive liorizons at présent known Avith 
certainty frora characteristic vertebrate fossils. The corrélation of thèse 
horizons with those determined on other évidence is important, and 
considérable progrès» in this direction lias already been made, but the 
results can not be presented hère. 

In comparing the présent section with the oue ôrst published, it will 
be noticed that no vertebrates are yet known in the Archean or Cam- 
brian, but a single fortunate discovery in Colorado bas recently carried 
back the first known appearancc of fishes from the Ijower Devonian to 
the Lower Silurian, or more specifically, from the Schoharie Grit to the 
Trenton. 

The next point of importance is in the Triassic, in the horizon of the 
Connecticut river sandstone, where so manyfootprints bave been found 
and attributed to birds. Récent discoveries in thèse beds bave shown 
that at least threc distinct fornis of carnivorous Dinosaurian reptiles, 
ail of moderato size, lived at that i)eriod and doubtless did their share 
in leaving looti)rints bchind them. In two of the skeletons secured, 
the bones of the hind feet are still in position, and in life could bave 
made some of the footpriuts previously discovered. 

Xear the base of the Jurassic, a new horizon may now be defined as 
the Halloi»us beds, as hère alone remains of tlie remarkable reptile, 
llallopuH Victor, hâve been found. Auother diminutive Dinosaur, 
NanosanruK, occurs in the same strata. This horizon isbelieved to be 
lower than the Uaptanodon beds, altliough the two bave not been found 
together. The llallopus beds now known are in Colorado, below the 
Atlantosaurus beds, but quite distinct from them. 

The T>ai>taiiodon beds bave ]>een found at many localities in Dakota, 
AVyoniing, and northern l'tab, eveiywhere beneath the Atlantosanrus 
beds, and havinjLT bcdow tlieni, at varions h)ealities, a séries of red beds, 
whieli niay, ]>erliai)s, eontain the ITallopus horizon, but are generally 
reji:arde(l as Triassic. 

Besides tlie two speeies o\' Ilaptunodon deseribed by him, the next 
vertebrate in inij^ortanee, in tlie sanie horizon, is a small Plesiosaur, 
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of geologîsts engagée! in tbe work of corrélation. Tbe évidence 
derived from physical and biotic facts migbt apparenily disagree. 
Buttbat a satisfactory resuit may be reached, tbesetwo classes of évi- 
dence must be brongbt into barmony. He cited an example from bis 
own expérience of bow an identification of synchronous formations 
migbt be made over a wide area tbrougb a union of pbysical and 
biotic metbods. 

Mr. McGee set forth in some détail tbe principles of corrélation • 
developed in tbe coastal plain of tbe Atlantic and Gulf slopes of 
tbe United States. Tbe province is large, extending in a broad, mean- 
dering zone over 15 degrees of latitude and 25 degrees of longitude. 
Soine of tbe formations of tbe i)rovinco are cbiefly littoral and devoid 
of fossils, wbile otbers are fossiliferous; and it became necessary to 
devise metbods of pbysical corrélation in tbe investigation of the 
unfossiliferous formations. Subsequently it was found tbat tbe exten- 
sion of tbe same metbods to tbe widespread fossiliferous formations of 
tbe province is not ouly practicable but yields a pbysical history so 
definite as to indicate tbe geograpbic distribution of organisms and 
entirefaunas during past âges, and tbus to relieve paleontology, in tbis 
favorably conditioned province, from tbe necessity of postulating uni- 
formity in tbe distribution of past life. Accordingly, pbysical corré- 
lation aloue is employed in tbe surveys of tbe Ck)a8tal plain. Tbe 
bases of corrélation accord witb tbose outlined at tbe ox>ening of tbe 
discussion witb certain minor modifications and an essential addition, 
i. e., (îorrelation by bomogeny. 

Local Discuimination and Corrélation. 

Visible continuity, — Tbe formations of tbe Coastal plain range in âge 
from Plfistocene to oarly Cretaceous or late Jurassic, and are little dis- 
turbed in attitude, littb^ alti^ed in texture; alî, indeed, are commonly 
unconsolidated, and litbifaction is local and exceptional. Tbus, tbe 
littoral (leposits of différent âges are so elosely similar as sometimes to 
be discriniiuablo witb difticulty. In sucb cases tbe deposits are dis- 
criminated wlierever they disphiy distiiictive pbysical cbaract^ristics, ^ 
and traced by visible continuity tbrcmgb difierent parts of tbe sanie ^- 
ex])08ureor tbrougb iidjat^ent cxposures in whicb tbe distinction fade^. •- 
Tbus, visible continuity is useful for locîil and sublocal discrimination, ^ m 
and at tbe same time for tbe corrélation of tbe varyingpbases of variable^^ J 
deposits; and, nioreover, iu so far as it facilitâtes corrélation, tbe metlio<FI*^ 
is useful as an index to tbe relations of tbe variable deposits and tb*^^:^ 
ageneies by whieb and conditicms under wbieb tbey were laid dowii. 

Lithologie si m ilaritif, — M any of tbe formations are inconstant in coi -^ ^ 
position, and eontain éléments eonnnon to assoeiated deposits; yet ^^ 
eoncentrating attention on specilic features tbey may be traced, desp 
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of former topography, which is gradnally reoonstancted ideaUy w 
grapUcally, and which in tom elacidates the geography of the {MWt; 
and in this way definite pictores are gained of différent stages in the 
physical development of the continent. Then, sineeinterpretaHon and 
corrélation are reciprocal, the snccessive stages detennined finr oontig- 
nons areas in the province may be compared, and fheir consonance or 
dissonance serves to facilitate or limit corrélation of the breaks them- 
selves and of the formations which they separate. In this way anoon- 
formities are employed for corrélation not simply as physical faatures 
bnt as records of important events in géologie history; and the corré- 
lation represents juxtaposition of eveats rather than of the simple phe- 
nomena in which they are recorded. 

Corrélation with oontiguous Pboyikobs. 

The Coastal plain laps against and partly overlies (1) the Oolf slope 
of a composite province in which the Colorado plateaui the Bocky 
mountains, and the plains mei'ge^ and which is composed chidly of 
Cenozoic and Mesozoic formations; (2) the province of the intûior 
basin with the subprovince of the Ozarks, in whieh the formations 
are Paleozoic; (3) the Appalachian and Cnmberland provinces, in 
which the formations are uplifted or deformed Paleozoic; and (4) the 
Piedmout province, which is made up of ancient crystalHnes. 

Through récent progress in geomorphy, or the interprétation of land 
formSy it bas become feasible to iuterpret géologie history from land 
forms as well as from deposits and to restore partially degraded sur- 
faces from the stndy of their remuants. In this way the land forms in 
the provinces against which the Coastal plain laps hâve been fonnd to 
yield more or less definite records of continental attitude during varions 
periods in tlie terni exteiuling from the présent as feu* back as the begin- 
ning of the Cretaceous — i. e., the term represented by the deposits of 
the Coastal plain. Now certain unconformities (i. e., ancient surfeuses) 
in the Coastal plaiu séries of deposits are sometimes continuons with, 
sometimes closely similar to, remainiug or restored surfistces in the 
adjacent provinces; and iu niauy cases the continuity is so clear or the 
homology so close as to warrant identification of the ancient surfiEU^es 
in the contiguous provinces. Thus the i)rovinces which are distinct in 
the présent stage of continental development, and which bave been 
distinct during varions earlier stages, may be correlated by means of 
phenomena prodnced during stages iu which they were more closely 
related. Moreover, since corrélation etfected through interprétation 
prépares the way for further interprétation, and hence eventuaîly for 
more exact corrélation, the identification of stages in continental devel- 
opment in adjacent provinces gives definite pictures of the local topog- 
rapby and gênerai geography during thèse successive stages. The 
form and steepness of slopes of ancient surfaces represented by rem- 
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nants iu the land province and by uucouformities in the Coastal plain 
indicate relation to baselevel, and, in connection with tlie amounts of 
dégradation and coeval dei)osition, the relative duration of the dégra- 
dation period; the relation of the ancien t surface to the présent surface 
gives an indication and sometimes a measure of subséquent déforma- 
tion; and the relation of ancient surface to tide level suggests and 
sometimes clearly indicates the sources of materials deposited in tlie 
Coastal plain formations during the periods of submergence in the 
Coastal plain province. Accordingly the comparative study of ancient 
surfaces permit^ corrélation of deposits in contiguous provinces, and at 
the same time aôbrds a means of determining the attitude of a con- 
sidérable part of the continent duriug the intervais of high level and 
conséquent interruption of dei)osition ; and the highlevel record, 
coupled with the record of the formations, gives a more or less com- 
plète history of géographie stages in the évolution of the continent, or 
of géologie growtb. ^ 

In some cases the corrélation of ancient surfaces is indefinite (1) by 
reason of limited exposures of unconformities, (2) by reason of exten- 
sive dégradation in the contiguous land province, or for some other 
reason; but in most such cases the formation record suppléments the 
geomorphic record. Thus wben a continent stands near base level, 
dégradation is chemical rather thau mechanical, the shores are low 
and sweeping, the land contours are soft, and the relief is low and well 
modulated, while the formations laid down in the corrélative déposition 
area^or on the former land surface immediately after submergence, are 
made np chiefiy of précipitâtes and chemically degraded as well as 
mechanically divided sédiments. If on the other hand the land stands 
high above baselevel, dégradation is chiefly mechanical, the shores 
areruRged, the ri vers ai*e sw\ft and soon carve deep, steep-sided gorges, 
giving angular land contours and an ill modulated surface, while the 
coeval formations are made up largely of coarse mechanical sédiments 
in which the pebbles and smaller grains remain in part undecomposed. 
Thus the record of the formation and the record of the unconformity 
and the contiguous land surface are supplementary, and give indépend- 
ant yet consistent and cumulative testimony conceming continental 
condition, and the juxtaposition of the two commonly serves to bridge 
the gaps in both. 

General Corrélation. 

The corrélation by visible continuity and in gênerai the corrélation 
by lithologie similarity and measurably the corrélation by similarity 
of séquence are objective and empiric, i. e., thèse modes represent the 
jaxtai>osition of objects and comparison of their extrinsic characters; 
while the corrélation of formations and unconformities viewed as rec- 
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ords of géologie ageneies and eoutineutal conditions is subjective and 
philosophie and, pursaed to its logieal end, becomes a juxtaposition 
of épisodes, or a corrélation by historical similarity. The application 
of this mode of corrélation in volves such a study of ageneies and con- 
ditions of géologie action as to enable the geologist to détermine pro- 
visjpnally the origin of each phenomenon examined, whether dexK>sit 
or topographie feature, formation or land form; and the subséquent 
comparisons involved in the corrélation are comparisons of genetic rec- 
ords, which may be made in such manner as to eliminate the incon- 
gruous and préserve the congruous, and thereby develop a consistent 
history for the entire province under examination. This method has 
already been characterized as homogenic, i. e., corrélation by homog- 
eny, or identification by origin.* The method has been more or less 
closely approached elsewhere by différent geologists, but so far as 
knowu it has not been definiteîy formulated by other investi gators; 
certainly it has been independently developed in the course of the sur- 
veys in the coastal i)lain, and, it is believed, constitutes an important 
addition to the modes ofKîorrelation commonly employed. 

In the practical application of the method, the deposits of given sec- 
tions and circumscribed areas are first correlated empirically by visible 
continuity and lithologie similarity, and to some extent by similarity 
of séquence, in order that their relations may be generalized; next, 
the ageneies of genesis are iuferred ft*om the materials of the deposits 
viewed individually and collectively; tbeu the unconformities and peb- 
ble beds, with other aberrant x^henomena, are generalized, and from 
them, in connection with the normal deposits, the conditions of genesis 
(i. e., the attitude of land, i)roxiniity of rivers, etc.) are inferred. By 
thèse means a tangible and definite piiture of topography, geography 
and géologie ageneies of the area is produQjBd ; and the varions inferred 
features are tested by their cousisteucy and the inconsistent eliminated 
or withbeld for more extended comparison. Then the history of the 
contiguous area is wrought ont in similar fashion and the épisodes are 
compared severallv and jointly, and the deposits and uncomformities 
are interpreted in the liglit of this comparison. The comparison 
is eventnally extended to other portions of the province and to the 
contiguous provinces, and in each area the significance of the sum of 
])henomena is sought and the inferred historiés are generalized by 
combination of the congruous and élimination of the incongruous until 
linally the history of a given period tliroughout the entire province 
is iuteri)reted in ternis of épisodes, each inferred from the sum of phe- 
nomena re[)resenting the period. 



* American .}()iirn:il of Science, 3<l séries, vol. XL. 18iK), p. 6; "The Lafayette^; 
Formation," U. 8. Geological Siirvey, 12th Annual Kejïort, 1893, p. 381. 
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While the method by homogeny bas thns far been practicaDy oonflned 
to ihe Coastal plain and contignoos provinces, it is believed to be capa- 
ble of considérable expansion in this and other conntries. Of conrse 
ihe ntility of the method culminâtes in broad provinces of simple strac- 
tore and limited âge; bat it will donbtless be fonnd measorsbly nseftal 
in many other cases. It is pnrsned in the Coastal plain chiefly becanse 
of its si>ecial applicability thereto, and with the hopefhatit will permit 
so dear a définition of the varions épisodes in continent growth as to 
indicate eventoally the géographie distribution of organisms duriog 
each épisode, wherebypaleontology will be raised to a higher plana 
For this pnrpose the extended province found in the Ooaatal plain ùt 
southeastem United States is ezceptionably &vorable. 

BÉSUICÉ. 

In brief the methods of corrélation which hâve been devèloped and 

found applicable in the Coastal plain are as follows: 

( Visible continnity, 
For local discrimination and corrélation . . < Litholoffic similarily, 

( Similarily of séquence. 

( Physical breaks vie wed as 

For corrélation in the province < indices ofancienttopog- 

( raphy and geogra^hy. 

^Gtoomorphy and staratig- 
raphy interpreted in his- 
torical events, includ- 
ing continent move- 
ments, transportation of 
materials, land sculp- 
ture, etc. 

For gênerai corrélation j Hom^eny, or identity of 

Mr. Davis showed tbat it was possible to decipher geological 
history not only through tlie records of déposition, but also by pro- 
cesses of dégradation. As au example of this meÛiod he explained 
a topographical se^^tiou from the city of New York westward. In this 
we Lave évidence of tbe existence of an ancieiit ^^peneplaiuj^ or base 
level lowland of Cretaceous âge, This surface was subsequently ele- 
vated (more toward the west than toward the east) at the end of Cre- 
taceous, or at the begiuning of Tertiary time. It bas since been dis- 
sected by the excavation of more récent valleys. The Hudson valley 
lowland was cited as an example of this récent dissection. 

Mr. Claypole considered that the différent methods of géologie cor- 
relation differed very greatly in their value. It is improbable that the 
plant or mammalian record will ever equal in its perfection that of the 
marine invertebrate fauua. The marine fauua is to the geologist what 
a primary triangulation is to the geodesist. It marks ont the main 



For corrélation with contiguous provinces 
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withiii the same géologie System or séries, ample material is necessary 
to fix their position by means of fossil planta. 

Neglect of this principle bas led to tbe greater part of tbe mistakes 
of paleobotauists, and bas doue most to bring paleobotîjny into disre- 
pute. Geologists bave expected too mucb of tbem, and tbey, in turn, 
bave done violence to tbe trutb in atterapting to satisfy extravagant 
demands. On tbe otber band, wbere tbe material is anijile, fossil plants 
bave often corrected tbe mistakes of stratigrapbical geologists, and 
solved problems conceming géologie âge, wbicb seemed impossible of 
settlement by auy otber class of évidence. 

Mr. Walcott spoke iipon tbe corrélation of tbe Cambrian rocks of 
Nortb America. He stated tbat tbe principles of corrélation were 
jessentially tbe same as tbose nsed by tbe New York survey prior to 
1847, and tbat tbe only essential modification made in tbem bas been 
tbrongb tbe influence of tbe tbeory of évolution. 

Botb pbysical and biotic data are available in tbe corrélation of the 
Cambrian rocks witbin eacb of tbe four principal provinces; but biotic 
data are alone available, witb sligbt exceptions, in correlating tbe 
strata of differeiit provinces witb eacb otber. Witbin tbe Atlantic 
Coast basin tbe Cambrian rocks of Newfoundland, Massacbusetts and 
New Brunswick may be conelated by tbeir pbysical cbaract^rs and 
tbe présence of similar organic remains. Tbe same is al>o true as to tbe 
Rocky mountain and great Interior continental provinces. Tbrough- 
out tbe Appalacbian province tbe pbysical data suflBce to correlate the 
Lower Cambrian from Yermont to Alabama, but sucb data are not 
suflâcient to correlate it witb tbat of tlie St. Lawence valley. It is 
only by the présence of tbe Cambrian fauna tbat corrélations caii be 
made. The corrélation of the deposits of the Appalacbian and Eocky 
Mountain provinces are based alinost entirely upou biotic data. 

A study of tbe sédiments of tbe Cambrian rocks establisbes the fact 
tbat in Cambrian times tliere were géographie areas in wbicb différent 
types of sédimentation prevailed, and tbat great variation existed in 
whatare considered tbe same géographie i)rovince8. The sédiments of 
tbe nortbeastern Atlantic coast province are almost entirely sbales, with 
a small proportion of sandstone and a trace of limestone. Tracing tbe 
long Appalacbian province from theGulf of ?t. Lawrence to tbe South- 
west and south, we find an immense accumulation of sbale, witb some 
interbedded sandstone and limestone. This extends to tbe Lake 
Cbamplain région of New York and Yermont, wbere a great limestone 
of Lower Cambrian âge is subjacent to several thousand feet of sbaJe, 
in wbicb lenticular masses of sandstone and limestone occur at irregu- 
lar intervais. Further to the southwest, in southern Vermont and 
eastern New York, great tbickneases of argillaceous sédiment were 
deposited. Thèse now form the séries of shales in wbicb beds of 
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finely laminated roofing-slates occur in massive strata. Toward the 
east, near the pre-Cambrian shore liue, the Lower Cambrian f^andstones 
are foUowed by arenaceous, doloinitic, and purely calcareous limestones 
of later Cambrian time. This condition of sédimentation continues 
far to the south, varied more or less by the présence of great thick- 
nesses of shale above the lower quartzite. In the latter case the 
limestone of the Cambrian forms only a thin belt at the summit of the 
section. 

In the Rocky Mountain province the silicious sédiments, sandstones, 
and quartzites, are foliowed by limestones, and nearer the shore Une 
the sandstones are subjacent to shale. Over the Interior province the 
record is sandstone, foliowed on the west and southwest by alternat- 
ing limestones and sandstones. 

The study of the fauna has shown that, while there is a gênerai 
resemblance in the faunas of the Lower Cambrian in the Atlantic 
Coast, Appalachian, and Rocky Mountain provinces, there is sufScient 
differentiation to mark oô' distinct fannal areas in the early Cambrian 
sea. 

The fauna of the Upper Cambrian is less specialized over great areas 
than that of the Lower and Middle zones. The oppiirtunities for com- 
munication between the provinces were greater, and it is only in the 
northeastern or Atlantic coast province that a marked différence is 
sbowu. 

The Middle Cambrian fauna of the Atlantic coast province is so 
stFongly differentiated from that of the Appalachian and western Eocky 
3ioantain provinces that it was not until they were found to occupy the 
fiame relative stratigraphie x)osition that it was suspected they lived in 
^pproximately the same epoch. 

The évidence of sédimentation and the évidence of organic remains 
'a:inite to prove that in Cambrian time the géographie and faunal prov- 
jf jxiees were differentiated and established over the area of the présent 
jT^orth American continent. In fact, the sédimentation of the Cam- 
t^Tiskïï was as varied as that of many of the later géologie peHods, and 
so than that of the immediately succeeding Silurian (Ordovician.) 
lie corrélations, made mostly by biotic data, between the varions 
of Cambrian rocks indicate that in Lower and Middle Cambrian 
a great continental area existed over the interior of what is now 
North American continent, and that the Cambrian sédiments were 
imulated in troughs, one west of the Rocky Mountains, extending 
Nevada northward into British Columbia; another westward of 
^Appalachian Mountains, extending from Alabama northeastward 
Le St Lawrence valley, and some minor troughs on the Atlantic 
^ ^^ of the continent in which Cambrian sédiments were deposited. 
^ ^CJpper or late Middle Cambrian time the interior of the continent 
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sank beneatli the océan, aud tlie sandstones of tbe XJpper Cambrian 
were deposited over that area conteinporaneously with the Upper Cam- 
brian liinestones of the Appalachian and Rocky Mountain provinces. 

The results of thèse varions corrélations add a chapter to the his- 
tory of the évolution of the North American continent.* 

Mr. jAJiES Hall spoke of the difficulties encountered in the earliest 
attempts at corrélation of the rocks, even in the State of New York. 
He urged the importance of taking into considération both physical 
and faunal characters of the rocks. In some cases, however, the phys- 
ical charaeters of the rocks change greatly in passing fromone région 
to another — sandstones grading into limestones, and limestones into 
shales — and thèse beds may also vary greatly in thickness. Fossils 
are of unequal value in such corrélations; lamellibranchs are near- 
shore forms and fail in deep water; they are not, therefore, so valuable 
for purposes of corrélation as brachiopods, which bave a wider distri- 
bution. 

Mr. H, S. Williams urged that in nsing fossils as a means of corré- 
lation, it is of the greatest importance to take into considération the 
relation of organisms to conditions of environment. 

In the case of living organisms the fact is well established that 
species, and groups of species constituting faunas, are closely adjnsted 
to the varying conditions of bottom, distance from shore, depth of 
water, température and i)urity of the médium. Thèse différent condi- 
tions are expressed in the rocks of sédimentation in terms of fineness 
or coarseness of the compouent partides of the rock, and their minerai 
characters, as congloinenites, sandstones, argillaceous or calcareous 
rocks. We know also tliat along the same shore there are often rapid 
transitions from one kind of sédiment to another in passing from place 
to place. 

It is therefore unsafe to présume that two faunas which may présent 
unlike species, preserved in localities separated onlya few miles from 
each other, are necessarily successive faunas; they may hâve existed 
at the same time, but under différent conditions. It results, therefore, 
that along a given coast line we should expect the faunas to vary more 
rapidly on passing fiom the beach outward to deep water than in a 
direction parallel to tlie coast. 

Tlie same principle of adjustment of species to particular conditions 
of environment would be expressed in the fossil-bearing rocks bj 



*The ma])8 used by Mr. Walcott in explanation of the correlatious made and thee 
déductions drawn from the results thus obtained will be found on Plates II (p. 264)C" 
aud m (p. 308) of Bulletin 81 (Cambrian corrélation paper) of the U. S. Geologi . 
ical Survey, which bas been sent to ail tbe memlïers of the Congress. In this b 
letin, which was preparcd for the CoujLrress by Mr. Walcott, will be found also a fui 
description of the methods of corrélation used in the correlating of the LoW* 
Paleozoic formations of North America. 



172 COMPTE-RENDU DES SÉANCES. 

(2) lu the Upper Devonian, tlie Ebynchonella of tlie Tully limestones, 
and the Goniatites of the so-called Naples beds. 

(3) The Goniatites at the base of the Carboaiferons, in lowa, in 
Spain, and in niiddle Germany. 

The Hamilton fossils are of especial interest because we hâve on the 
Bhine, in the soealled Lenneschiefer, a fauna of the same faciès. 
But while thèse rocks were deposited under similar physical conditions, 
the number of ideutical species in tlie two countries is very small, and 
there are many gênera in each country not found in the other. Ail the 
Lower Devonian is wanting in Ëuropean Bussia, and part of it is want- 
ing in middle Germany, but the great physical change which followed 
is quite suificient explanation for the dififerences which characterize 
the junction of the Devonian and Silurîan. 

M. Barkois ne croit pas qu'il soit possible de comparer en détail 
les formations paléozoiques de l'Europe et de l'Amérique. Toutefois, 
malgré les différences climatériques et orographiques qui distinguaient 
ces régions à l'époque paléozoïque et expliquent leurs différences, il y 
a un frappant parallélisme dans l'évolution des faunes de ces régions 
éloignées. Certaines faunes, probablement synchroniques, présentent 
des analogies d'autant plus frappantes de chaque côté de l'Atlantique, 
qu'elles sont séparées par des niveaux peu comparables. 

J'ai cité, il y a quelques années, les relations des Goniatites de Bock- 
ford, Indiana, (base du Carbonifère) avec celles du marbre griotte, qui 
occupe en Espagne le même niveau. M. de Verneuil signalait déjà les 
relations de faune de Niagara et de Wenlock. M. Frech cite avec rai- 
son le faciès européen des couches à Goniatites des Naples-beds. Citons 
enfin le calcaire dévonien moyen à Stringocépliales de l'Ardenne, décou- 
vert récemment au Canada par M. Wliiteaves. 

Mr. Van Hise spoke of the distribution, character, and succes- 
sion of the pre-Cambrian sedimentary rocks of North America. AU 
rocks are regarded as pre-Canibrian which are earlier than the Olenel- 
lus fauna. Thèse rocks contaiu the évidence of abundant life as shown 
bv thick beds of carbonaceous shales, by varions distinct fossils, and 
in many other ways. When a less highly developed fauna is found, as 
différent froni the Cambrian fauna as tlie Cambrian is from the Silurian, 
it is best to give this fauna a new name. 

There are in many areas in North America great thick u esses of little 
altered pre-Cambrian sedimentary rocks. In many régions thèse rocks 
hâve been separated into séries by widespread unconformities, and 
thèse séries hâve been further divided into formations. Someofthe 
more important pre-Cambrian régions are Lake Superior and Lake 
Huron, Central Arizona, New Brunswick, Newtbundland, southwestern 
Montana. As an illustrative exanii)le of the successions may be cited 
the first. In this area the descending order is Lake Superior sandstone 
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(Potsdam), unconforinity; Keweenawan, unconformity; Upper Huron- 
ian, anconformity; Lower Huronian, uncouformity; basemeiit, crystal- 
liue complex. Each of thèse séries is divided into several formations. 
In individual régions it is possible to correlate séries and formations 
apon a physical basis. In différent régions the séries bave variable 
lithological characters and unlike successions. Because of tbe absence 
of a well-known preCambrian fauna it is impracticable at présent to 
make corrélations in far-distant régions. Hence the term Algonkian 
bas been proposed by the U, S. Geological Survey to cover the whole 
of the pre-Cambrian clastics. No working geologist in America now 
holds the iudlvisibilty of the pre-Cambrian in ail régions. 

If the foregoing conclusions are correct, the invariable succession 
advocated by Hunt, evolved almost wholly within the laboratory, is 
valaeless. It is shown to be untrue at oneor more fnndamental points 
by the obaerved order of the rocks in every région in which there are 
tolerably ftdl successions. 

Mr. PuMPELLY corroborated the conclusions of Prof. Van Hise from 
his own familiarity with the régions referred to. Tlie divisibiJity of the 
pre-Cambrian is clearly established on this continent in several widely 
separated régions. In the Lake Superior région the Potsdam trans- 
gression, with its basai conglomerate, bas beneath it three sedimentary 
séries of great importance, and well-observed relative âges — Keweena- 
wan, Upper and Lower Huronian. The indepeudent âge of each of 
thèse is marked by enormous transverse érosion iutervals, by basai 
conglomérâtes, or by discordant stratification; usually by ail three. 

The oldest — the Lower Huronian — bas a basai conglomerate carry- 
ing x)ebble8 of the varions rocks of the complex on which it rests. 

In the two lower séries the cyclical déposition is marked — basai con- 
glomérâtes and sand-rocks of the transgression, overlain by the car- 
bonate and chert jdeposited in deeper waters. 

Thèse cyclical dépositions présuppose rhythmic movements of the 

océan — positiveand négative movements — which must bave been accom- 

panied by corresponding sédimentation throughout the whole commu- 

jDicating oceanic area. The limestone of the Lower Huronian of Lake 

Superior is thicker than the Cambro-Silurian Stockbridge limestone in 

Termont and Massachusetts, which, by its fossils, Walcott, Dale and 

~Wolff bave shown to span the whole period of the earth's history, from 

^he Olenellus zone of the Lower Cambrian to the top of the Lower 

Silurian, inclusive. 

There can be litlle doubt that the Upper and Lower Huronian rep- 
^iresent two very great periods of the sedimentary time scale. It is 
probable that thèse same periods are represented elsewhere at many 
^points on the earth. But in the absence of determinable fossils their 
^dentifiation in unconnected areas is impossible. There may be little 
4oubt that the so-called Laurentian limestones of Québec, our own pre- 
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Oambrian limestones of the Oreen Honntains^ tbe Adiiondacks and 
New Jersey, represent one of thèse periods or, amoiig thèm, both 
periods; or one of the Hnronian periods and the KeweenawaD, bot 
actnal corrélation is not yet possible. 

lâthological similarity is a phantom. E ven on Lake Snperiory wheve 
the rocks hâve suffered relatively litUe from metamorphism, the identi- 
ilcation, wheu the great Lower Hnronian limestone is absent^ is dépend- 
ent wholly npon observable relations. Both séries are eqnally rich 
in iron ores. The représentatives of the period may be shore depodts 
in one place, those of off-shore in another. Again, as a nûe^ ontside of 
Lake Snperior the exposures of pre-Cambrian rocks oocnr in régions 
of great folding. And hère, throngh dynamic action and the mèbà- 
morphosing processes that accompany it, the rock has not only often 
wholly lost its original character, bat the same formation varies in the 
most protean manner with the varying conditions of metamorphiBm to 
which it was sabjected. An excellent illnstration of fhis ig the Lower 
Ganibrian qoartzite of the Oreen Monntains. A simple qnartzite west 
of the central rangS, it shows step by step its transition into a wholly 
crystalline gneiss in the folds of the range. Kor is this ail; the basai 
conglomerate of this qnartzite préserves perfectly its heterogeneons 
pébbles on the top of the arch of the main fold; bat otf tbe eastem 
side, from whence the folding force acted, the pebbles are wh<dly oblit- 
erated and the slipping movement has prodnoed a finely fbliated biotite 
gneiss with parallel lamination, and on the westward, or over and 
infolded side, a white granulite. 

If this coald happen to Cambrian beds the same mast be more gen- 
erally true of the older sédiments. Ëxcepting the limestones, the 
l)etroj^aphic character, aud partly the composition, of metunorphosed 
sédiments are more dépendent upon the action of folding and of the 
procjsses genetically coimected with pegmatization than npon the 
original character of the sédiment. 

In the eastem part of the continent the équivalents of the Lake 
Snperior pre-Cambrians, where thcy exist, are highly crystalline schists 
whose clastic origin is detected thus far. only by their relation to occa- 
sionally associated pre-Cambrian limestones. And it is probable that 
extensive areas of pre-Cambrian sédiments exist on other continents in 
the form of crystalline schists. It is impossible to correiate theoL 
They represeut a large part of the sedimentary time-scale, and also, 
doubtiess, of the life scale. And wbile each of them represents a long 
period, the formations of one région may represent the time-breaks of 
another. 

In view of the inipossibility of correlating its members in separated 
régions, and of its importance in the tiine-scale, it seems very proper as 
well as convenient to give to this h)ng period a name coordinate with 
Paleozoic, Mesozoic, etc., or at least with Silurian, Devonian, etc. 



C-DISCUSSION SUR LA CLASSIFICATION GÉNÉTIQUE DES 

DÉPÔTS PLÉISTOCÈNES. 



Mr. Chambeblin opened the discussion with the following words: 
Pleistocene formations that are not, either directly or indirectly, of 

glacial origin are not embraced in the classification herewith proposed. 
There are at least three appropriate modes of classification of the 

Pleistocene glacial formations: 

(1) A classification based npon the stmctoral characteristics of the 
deposits. 

(2) A classification based upon the origin of the formations. 

(3) A classification based upon the time relations of the deposits. 

Only the second will be hère considered. A purely structural classi- 
fication has an indispensable value and is a fit subject for more and 
more critical considération asour knowledge of the glacial formations 
increases. The classifications of the past will doubtless continue to 
need extension and more précise définition as glaciology advances. 
Nevertheless, our structural classifications do not seem to be so lacking 
in exhaustivenesa nor so defeetive in discrimination as our genetic 
classifications, and, as tinie will not permit an adéquate treatment of 
the three forms of classification, it has seemed best to pass the first by 
with a mère mention. 

A chronological classification of the Pleistocene formations possesses 
the highest interest and consti tûtes one of the two great goals sought 
by glaciology. One of thèse is to aseertain how the formations were 
produced ; the other, the tinies and séquences of their production. But 
it is too early yet to fix upon a satisfactory chronological classification. 
The data are not yet sufhciently gathered nor hâve they been tested 
with sufhcient scverity to admit of satisfactory corrélation of the suc- 
cessive glacial stages, even witliin the liniits of a single province. How 
much less then those of différent continents. While recognizing, 
therefore, the supreine interest that attaches to a chronological classifi- 
cation, I am impressed with the feeling that it is best to postpone a 
formai attenipt to establish sucli a classification until the data shall be 
more adequately dcvcloped. It is believed that the development of a 

17G 



178 COMPTE-RENDU DES SÉANCES. 

at first hand by the glaciers, so icebergs bore off and deposited iu a fash- 
ion of their own another portion. The two classes are secondary and 
dépendent upon the original glacial action and some of the character- 
istics of the niaterial must be sought in the original glacial action, 
but in their final stages the dejwsits take on characters of their own. 

V. Formations produced hy shore ice and ice-floes due to loto Pleistocene 
température but independent of glacial action. — The présence of the great 
ice sheets and the glacial conditions that produced them appear to hâve 
given rise to a class of independent ice deposits that may fittingly be 
put in this classification. Thèse are believed by some writers to attain 
great importance. YHiatever their extent, they need to be scrupu- 
lously discriminated from the products of both glaciers and glacier- 
derived icebergs. 

VI. Formations produced by winds a4iting on Fleistocene glacial and 
glaciO'fluvial deposits under the peculiar conditions of gUwiation. — It is 
not unreasonable to suppose that the tracts bordering the great glaciers, 
especially those recently abandoned by them, were exposed to very 
eflfective wind action. The différences of température between the ice- 
clad fields and the adja<^ent ice-free lands may be supposed to hâve 
induced strong wind currents. Between their strength and the facilities 
oflfered for their action by bare surfaces of recently-formed incohérent 
material, there is grouud for the belief that seolian dex>osits of more 
than usual magnitude and of peculiar characteristics were formed. So, 
also, it is highly probable, if not certain, that some of the rivers of 
glacial times were accompanied by broad flats which they had tbem- 
selves built up and which they alteruately flooded and left exposed, 
and that hère the winds fouud a spécial field of effective action. Such 
aeolian formations as resulted from thèse agencies are probably not so 
important in themselves as in the erroneous inferences to which they 
are likely to lead, if unrecognized. Such wind-blown sands and silts 
might easily be borne up to high levels and lodge there. If thèse are 
attributed to water action (which seems the natural alternative) they 
lead to hypothèses of flood-heights or of submersion of much magnitude, 
and thèse lead on to other conclusions of much conséquence. Tbe réc- 
ognition of the class, especially in framing working hypothèses and 
interprétations, is thought to hâve some importance. 

With the foregoing gênerai statements, we may turn to the more 
spécial considération of the several classes indicated. 
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prove serviceable to distinguish thèse and treat them as distinct vari- 
eties uiitil the mystery of tbe drumlin formation sliall be solved and 
the imjwrtance, or otherwise, of thèse distinctions be determined. 

(a) Lentienlar or elliptical hills. — Thèse are the typical variety of 
drumlin s and consist of very remarkable aggregations of till in hills of 
dolphin-back form whose longçsr axes are two or three, or at most a 
few Urnes longer than their transverse diameters. The longer axis lies 
in the direction of glacial movement. This is the most familiar form. 

(b) Elongdted ridges. — ^These hâve the same constitution as the pre- 
ceding and hâve similar terminal contours. The body of the bill is, 
however, elongated to the extentof two or three or occasionally several 
miles. Thèse elongated ridges commonly lie parallel to each otlier, 
giving a markedly fluted character to the surface. They are thought 
worthy of being distinguished for the présent because the elongation 
of their forms may prove a significant feature and lead to the récogni- 
tion of some of the essential conditions of drumlin formation. 

(c) Mammillary hilh. — Thèse hâve the same constitution as the pre- 
vious types, but diflfer from them in the extrême shortness of the axis. 
This, in some instances, is scarcely longer than the transverse diame- 
ter. Thèse are thought worthy of being distinguished because they 
emphasize, more than either of the preceding varieties, the vertical élé- 
ment of the constructive process. I know of nothing more extraordi- 
nary in glacial formations than the building up of thèse dômes to the 
height of 50 to 60 or more feet with such steep sides and on socircum- 
scribed and so nearly circular a base. There are no cases, so far as I 
am aware, in which the base is strictly circular. There seems always 
to be an élément of elongation in the direction of glacial movement. 

(d) Till tumulL — Thèse are low mounds of more than usually stony 
material (so far as I bave observed). They hâve not generally assumed 
the drumloidal curves of contour and profile, but their nature is such 
as to hâve suggested that they are the immati|j|Efi nuclei of drumlins. 
Further investigation is proposed and they are hère iiitroduced tenta- 
tively. 

(B) There are several classes of aggregations of till that are not 
strictly drumloidal in form but which are thought to deserve récogni- 
tion for the présent, as varieties, for their possible suggestiveness 
respecting the physical processes of subglacial accumulation. 

(a) Crag and tail. — Thèse embrace the well-known accumulations of 
till in the lee of rocky crags or embossments. 

(h) Pre-erag, — Thèse embrace the less well-recognized accumulations 
of till in front of crags or embossments of rock. Thèse two forms may 
coexist in connection with the same protruberance of rock and may 
coalesce. From this lias arisen the suggestion that their coaleseence 
might initiate a drumlin. In support of this it is cited that many 
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was built up simaltaneously throughoat its en tire breadth, or whether 
the outer portion was accumulated under the immédiate edge of the ice, 
and tlie iuner portion built up a little later in like manner under the 
edge of the ice when it had withdrawn somewhat. Thèse ridges are 
from one to a few miles wide, are composed essentially of till (thongh 
assorted material may form a greater or less constituent), possess a 
gently llowing contour in the main, which distiuguishes them from the 
rougher ridgings and sharper contours of frontal moraines formed by 
the mechanical thrust of the ice or by the droppiug of superglacial 
material at its edge, 

(a) Submarginal or lodge moraines (a variety of terminal moraines).— 
The most important form falling under the above head may be desig- 
nated submarginal or lodge moraines. They are designated submargi- 
nal, not so much because they are believed to be formed near the edge 
of the ice and not absolutely at its edge, as because they are believed 
to be formed under the margin of the ice. Three varieties of moraines, 
all'of which may be called terminal, are recognized, beiug produced in 
three distinct ways. The first are formed from material borne on or in 
the ice (the latter being brought to the surface by ablation before 
reaching the edge) which is dropped at the terminus of the ice and 
which, when the ice remains statiouary for a suffîcient period, grows 
into a bordering ridge. Thèse may be given the rather homely but 
expi'essive name dump moraines. The second is formed by the mechani- 
cal thrust of the ice when it advanees a^ainst any incohérent material 
that lies in its path. Tliese may be designated push moraines. The 
third variety cousists of that under considération, and which may be 
designated Unhje moraines^ froui the conviction that the material, instead 
of being earried or pushed or dragged forward to the extrême edge of 
the iee, is i)eriuitted to lodge under its thiu border and constitute a 
subniarginal accumulation. The lodge moraine is not in its nature or 
material radically différent from the ground moraine, which lodged 
farther back from the edge of the ice and constitutes the subglacial till 
slieet. It differs from it, perbaps, only in the fact that the thinned and 
weakened edge of the iee presented conditions specially favorable to 
dejmsition and that, as a resuit, a tliickened belt of drift formed under 
the border of the iee when it reinained approximately statiouary for a 
sufticient period and took on the si)ecial billowy contours above 
deseribed. The submarginal moraines were doubtless subjected to 
more or less mechanical action of the ice as it oscillated forward and 
Imekward. This action is thought to hâve been of the nature of an 
overi'iding or an overslidiiig of the iee rather than of a pushing or 
plowing uj) by the ed^e of tlie iee. It is my growing conviction that 
tliis lorni of the terminal moraine is the prédominant one in the great 
American glacial tield. I incline to the oj)inion that the broad complex 



184 COMPTE-RENDU DES SÉANCES. 

ice, either during its successive stages of retreat or by being let clown 
directiy through the melting of the glacier when it becomes stag- 
nant, it forms a superûcial sheet quite aualogous to the subglacial 
sheet already considered. This was some years ago desîgnated '* upper 
tilP by Torell, Hitchcock, Fpham and others, but because the term 
upper til^ was also used to designate a reduplication of the subglacial 
till sheet by many otber geologists it was thought best to propose the 
term englacial or superglacial till. There still exist diflferences of 
opinion. as to how much of existing deposits is to be referred to engla- 
cial and how much to subglacial till, and the criteria for discriminating 
between thèse are still under discussion, but the importance of the 
classification and the significance of its bearing upon the interpréta- 
tion of glacial action and of glacial history seems beyond question. 

(3) Medial moraines, — Thèse familiar forms of glacial dei)osit8 do not 
call for remark, further than to note that they merge iptodump moraines 
at the frontal edge of the ice, and into superglacial till in cases in 
which they are let directiy down by melting without being carried on 
to the terminus of the glacier, and to observe further that they are 
subordinate éléments in the great Pleistocene glacial dex)osits. 

3. ProducU of the mechanical action of the edge of the ice, 

(1) Bush moraines [a variety of terminal moraines), — The distinct- 
ness of this familiar variety will doubtless be sufficiently recognized 
without further remark. It is perhaps, however, worthy of note that 
two subvarieties may be recognized, based upon the glacial or non- 
glacial character of the material involved, since the latter variety is 
sometimes overlooked. 

(a) The first and common variety is formed of glacial material which 
maybelong either to the subglacial, englacial, or superglacial variety, 
or it may be any form of glacio-fluvial or glacio-natant material. It 
must, however, be presumed to hâve been previously broughtforward 
to the edge of the ice or beyond it, and to be thus subjèct to be plowed 
up or pushed up into ridgings by the thrust of the advancing ice, which 
is the essential factor in the formation. 

{b) The second variety enibraces local material of any kind that lay 
in the path of the advancing edge of the ice and was pushed into 
ridges by it. It is nonglacial material except in the simple fact that 
it was ridged by ice action. It is entitled to be regarded as a moraine 
so far as its origin as a topographie form and a rearranged formation 
are concérned. In other sensés it is not. 

(^) Latéral moraines. — Thèse familiar forms need no discussion. 

N. B. — Interlobate moraines form a variety of terminal moraines and 
not, as is quite often stated erroiieously, a variety of latéral moraines, 
They are produced along the line of contact of adjacent glacial lobes. 
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Whatever tlie t^enninology, it seems important to distinguish the long- 
brancbing gravel ridges that represent the longitudinal drainage of 
the ancient glaciers from those gravel accumulations that are associated 
with terminal moraines, and that appear to be the débouchure deposits 
of glacial waters. A variety of osars or eskers may hâve been pro- 
duced by superglacial streams, as will be recognized below. 

(J2) Simple tracts or patches of drift formed hy auhgladal drainage. — 
Thin sheets and lenses of sand and gravel in the midst of subglacial 
till are common phenomena and, while they may in many cases be pro- 
duced by streams running in tunnels which afterward shifbed their 
position and left no other mark than thèse patchy deposits, it seems 
probable that many of thèse detached sheets and lenses were produced 
by a diffuse and local drainage developed by any one of several com- 
binations of conditions while the ice was still présent and continuing 
its déposition of till. Similar patches on the surface were perhaps pro- 
duced in a similar way. 

2. Deposits of superglaeial streams. — For the most part superglacial 
streams, afber short courses, descend through crevasses or moulins and 
become englacial or subglacial. This was doubtless true of the Pleis- 
tocene glacial streams, and the material which they bore alo^g found 
its final déposition either in connection with subglacial streams or with. 
the glacial waters after they had emerged from the ice. Nevertheless, 
there are two forms of déposition by superglacial streams that prob- 
ably find some représentatives among Pleistocene formations. The 
first embrace those which were carried along by superglacial streatns 
that succeed in reaching tbe edge of the ice or a channel which they 
eut back into the margiu of the ice. In the one case it probably took 
the form of delta cônes, in the other of narrow ridges formed through 
the restraining aid of the channel walls. The other variety are pre- 
sumed to hâve been formed from deposits which gathered along the 
course of superglacial streams and were let down by the melting of the 
ice after the glacier became stagnant, retaining essentially the form of 
their original accumulation in the superglaeial channel except so far as 
they were disturbed in the process of descent. Of thèse there are per- 
haps two varieties. 

(1) Superglaeial osars (âsar) or eskers (kames of somsauthors). — Under 
this head are to be classed siich channel-deposits as retained their 
elongated form and became ridges, and hence fall under the Scandî- 
navian type. In the earlier studies of the subject a considérable num- 
ber of glacialists would bave iuclined to elassify most osars under this 
head, but opinion appears to be inclining toward the référence of the 
greater part of the osar ridges to subglacial agencies. 

(2) Superglaeial kames, — Sheets or pockets of assorted material gath- 
ered on the surface of the ice were doubtless subjected to mueh dis- 
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torbance and rearrangement in the process of descent. The resulting 
deposits woald constitnte undulatory tracts of drift or groups of liillocks 
for which there is perhaps no speciûc uame, but which may be tbrown 
under tbe gênerai class kames for the présent. 

3. Marginal depoaiU. — Under this class are embraced ail those 
deposits of glacial streams that were made at the margin of the mer 
de glace and whose forms were dépendent upon the conditions that 
obtained at the margin. The following classes are recognized: 

(i) Kames. — ^To thiscla^s I refer irregular heapiiigs of assorted drift, 
generally arranged in Unes or tracts transverse to the glacial move- 
inent. They are often closely associated w:ith and merge into terminai 
moraines of tilL Sometimes they largely constitnte the terminal 
moraines, the action of glacial waters being so great as to assort 
nearly ail of the material brought forward to the edge of the ice. In 
snch cases the morainic factor (in the genetic seuse) is foand in the 
mechanical action of the ice in restraining the action of the waters, in 
controlling the nature of the heapings, and in pushing oflf the accumu- 
lations, distorting and modifying them. Irregular heapings of assorted 
drift of this variety are not, however, wholly confiued to border tracts, 
but occur irregularly distributed over the -area abandoned by the ice. 
They differ from the osar type in their marginal relation to the ice 
and their transverse arrangement. There is, however, a gradation 
between the two and no sharp line of demarkation h as y et been fouud; 
probably none exists. But there appears to be this important genetic 
différence; the typical kames appear to be the products of relatively 
active vigorous glaciers, while the typical osars appear to be the prod- 
ucts of extremely inactive, if not stagnant, glaciers. This important 
différence of signiûcance is thought to amply justify the récognition of 
the two classes, whatever may be the diflBculties in sharply separating 
them. 

The difficulties of sharply discriminating between the osar type and 
the kame type are increased by the fact that there is a class of giavel 
ridges haviug forms precisely like the typical osars that lie more or 
less transverse to the glacial movement. Thèse yet await thorough- 
going investigation, but I incline to the belief that they are to be 
regarded as true osars, and that they were formed during stagnant 
conditions of the ice just before its disappearance, their transverse 
course being due to the control of the underlying topography. It has 
been stated that the course of osars was conditioned partly uiM)n the 
direction of the ice movement and partly upon the topography of the 
land surface. In this instance, it appears that the topography domi- 
nated the osar formation, and that the movement of the ice became 
uninfluentiaL In support of this view it may be added that some 
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osars on reaching the border of the ice tum to a course nearly parallel 
with it.* 

(2) Osar {esker) deltas or fans. — It appears that when the glacial 
streams reaclied the border of the ice sheet and were free from bound- 
ing ice walls, they spread themselves out widely and dropped a large 
portion of tbeir burden in the form of deltas or fans. Thèse are not 
uDcommon in the Interior as well as in Maine, where the osar phenom- 
enon has its most remarkable development in America. Thèse deltas 
are very siguiâcant, both in respect to the method of formation of the 
osar and in respect to the position and restraiuing fonctions of the ice 
sheet at the time of their formation. 

{3) Overicash aprons. — When terminal moraines grew to constitate 
notable barriers along the border of the mer de glace^ and when the 
icepressed against thèse moraines so as to obstruct the transverse flow 
of the glacial drainage along their iiiner border, the waters derived 
from the ice crept over the moraines in nnmerons small streams, which 
deposited gravel, sand, and silt on the outer llank of the moraine. 
Thèse deposits are often distributed along the moraines for great dis- 
tances and constitute a fringe of aasorted material to which Shaler has 
given the apt name " apron." Thèse constitute one of the most satis- 
factory démonstrations of the marginal character of the moraines and 
of the relations of the ice to them. The material varies widely in coarse- 
ness, according to the conditions of formation, and a structural sub- 
classiti cation may be based ui)on it, embracing (a) gravel, (h) sand, (c) 
silt aprons. Imniediately next to the moraine the material is some- 
tinies exceedingly coarse, constituting little less than a boulder belt. 
At the other extrême of the séries the silt sonietimes forms a clay 
deposit and sometimes it takes on that peculiar assortment which 
cou sti tûtes loess. 

The clasa of aprons hère described are dependencies of definite 
terminal moraines. There were, however, tracts of assorted material 
formed by waters outflowing from the ice where no definite terminal 
ridging took place. Such forms may be designated outwash aprons in 
distinction from overwash aprons. This class is usually made up of 
sand or silt. In the latter case there are gradations into the great 
flanking tracts of loess which appear to hâve arisen in the manner 
indicated on very low slopes with prevailing slack drainage. 

{4) Pittcd plains (in part), — Both the osar deltas and the overwash 
aprons are characterized in certain régions by a surface marked with 
nunierous dépressions, sometimes syninietrical(kettles), sometimes irreg- — 
ular, with undulatory bottonis and embracing knobs and vsubbasins 



* Dr. Luudbolim lias (liiected my attentiou rocontiv to the fact that this is a no 
nncommoD phoiiomeiion iu Sweden, as showii by the ^eological maps of the Swedish*^ 
8urvey. 
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genetic, tliough carrying a genetic significaDce. But when the waters 
spread widely beyond the immédiate vicinity of the valley and the 
material took on a peeuliar and distlDctive assortment there seems to 
be snfficient ground for recîognizing a second genetic class. The great 
tracts of fluvial loess (not ail varieties of loess) are placed hère. Thèse 
are valley phenomena, in part. They hâve for their axes the great 
valleys of the région and their thickest deposits are along the valleys. 
They, however, spread widely over the adjacent country, so that con- 
jointly they mantle the whole région. They also coalesce with the great 
fringing sheets of loess that are classed above as ontwash deposits. 
The class graduâtes into typical valley deposits on one side, into 
typical fringing deposits on another, and, apparently, into wind 
deposits of loess on a third side. 

2. By fringing lalcen. — This class obviously embraces dex>08its of sus- 
pended material brought out from the ice into bordering lakes by 
glacial streams and spread over their bottoms, being generally of the 
clayey type, sometimesbearinglacustrinefossils, sometimes not; some- 
times commingled with stony material dropped by floatîng ice derived 
from the edge of the glacier, sometimes not, at least not in notable 
quantities, and always more or less commingled with wash from the 
adjacent land not covered by ice. Theoretically the type is charac- 
terized by the peeuliar border of the deposit next the impounding ice. 
Practically this characteristic is not always readily demonstrable. 

3. By bordering sens, — This class differs from tlie preceding in tlie 
fact that the waters were not im])ounded by the ice (as they usually 
but not always were in the preceding case), and in the fact that the 
deposits are commingled with oceanic sédiments, marine fossils, and 
imi)regnated with saline waters, which may or may not hâve been 
whoUy renioved subsequently. 

IV. FORMATIONS PUODUCED BY FLOATING ICE DEBIVED FBOM 

PLEISTOCENE GLACIERS. 

■* 

The type of tbis class is glacio-natant till in which the constituents 
are identical with tliose of glacial till except when formed under the 
action of currents which induced secondary modifications. Two sub- 
classes are to be recognized : 

1. Local, — In gênerai thèse are lacustrine but may be oceanic. 
Commonly the deposits took place in glacier-fringing (usually glacier- 
formed) lakes and constitutc only a secondary phase of glacier forma- 
tion. In cases in which tlie ice entercd an arm or bay or even the 
border of the océan and the dei»osit took place in the immédiate 
vicinity, the deposit remaiued essentially a local one. If marine fossils 
or marine sédiments were commingled, or if the marine factor is for 
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griuding instead of disintegration and wave wear, and in their corréla- 
tion with the ice border and the glacial waters that issaed from it, 
rather than with the sandy shores of lakes and seas. 

2. JSolian loess. — While the larger part of the loess fonud in the 
glaeiated régions is believed to be the prodnct of glacial waters, it 
still remains, in my vigw, probable that certain parts of it were 
deposited by winds. This part is believed, in gênerai, to hâve been 
derived from the water-deposited portion, bnt perhaps this is not iini- 
versally trne. Along the leeward side of the Mississippi Eiver, for 
instance, we find dunes of sand and dune-like accumulations of loess 
that seero in both instances to hâve been derived by winds from the 
âooded flats of the river below. In like manner there seems ground 
for the belief that in Pleistocene times the glacial floods alternately 
extended and withdrew themselves, leaving great silt-covered flats 
exposed to wiud action, and that from thèse silt was swept up and 
deposited over adjacent and perhaps somewhat distant highlands. It 
seems also not improbable that the conditions of the surface may hâve 
been such as to permit the lodgment of this more uniformly over the 
surface than is the habit with dunes. There seems ground for this in 
the distinction between the formation of dunes and the sapposed 
deposits. Dunes are formed from sand driven along the surface by 
winds, but not in any notable degree carried by the winds in full sus- 
pension. The supposed silt deposits, on the other hand, are presumed 
to hâve been formed by silt borne in free suspension until, by contact 
with the earth, it was lodj^cd. 8uch contact might obviously be wide- 
spread and the lodgment prod.ict niight hâve a wide and measurably 
uniform distribution. While, therefore, coineidiug with what seems to 
be the niajority oi)inion among American geologists that the loess 
deposits of tlie glaeiated région are chiefly water lain, it appears to me 
prudent, if not important, to recognize the aiolian class, and to search 
diligeutly for criteria of discrimination between the two classes. 

The foregoing classification is consciously incomplète. In some 
instances the bases of distinction border closely upon the structural 
rather than the genetie, but it is believed that there is involved in 
every case an important genetie factor, thougli it may sometimes be 
most conveniently expressed in structural terms. 

M. Gaudry s'exprime en ces termes: 

Il y a plus de trente ans que les géologues de l'Europe se sont 
accordés à reconnaître, avec Boucher de Perthes, la coexistence de 
l'homme et des animaux aujourd'hui éteints de la période quaternaire. 
Mais, depuis trente ans aussi, les géologues n'ont pu se mettre d'accord 
sur la chronologie de cette période, et, cependant, sans chronologie il 
n'y a pas d'histoire; rien ne peut être pins inij^ortant que de connaître 
les phases par lesquelles l'humanité primitive a passé. Les études d 
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cal subdivisions without chan^ng the scheme of colors or tbe gênerai 
appearance of tbe map. 

To sait Scaiidinavian conditions it might be désirable to make some 
minor altérations in Mr. Chamberlin's scheme. Thus the marine 
deposits might be made a separate class in considération of their 
importance for the study of changes of level and for comparison with 
non-glacial formations. 

Formations belonging to Classes IV and V of Mr. Ghamberlin 
could perhaps be referred to subclasses under III, as they are rather 
additions to or disturbances of regular deposits than such deposits 
themselves. He agreed with the distinction suggested between Osars 
and Rames, which hâve often been confounded, whereas the former are 
in the main radial and the latter peripheral with référence to the flow 
of the land ice. 

Mr. Hughes pointed ont that the chronological and genetic clas- 
sifications were more or less theoretical, and that their value de- 
pended upon the accuracy of the reading of the structural and other 
characters, including the paleontology, and ail that was a matter of 
direct observation. The inferences of M. Gaudry led to a chronolog- 
ical classification not ineonsistent with the inferences of Mr. Gham- 
berlin, viz., that elsewhere deposits, as divergent in structure, may be 
synchronous and owe their différence to varions conditions ofgenesis. 

He expressed his own opinion that what was known as the Glacial 
Period, in Enghind at least, was one and continuons, interrupted only 
by oscillations, similar i7i Jcind to those which are observed at the end 
of the Khone glacier or auy other similar body of ice at the présent day, 
and differiug in degree only in proportion to the much larger quantities 
and greater lengths of tinie with which we hâve to deal in studying tbe 
remains of former glacial conditions in temperate climes. Witbout 
appealing to particular cases, upon which he had commented elsewhere, 
he thought that the erroneous' référence of certain deposits ^e. g., some 
paleolithic deposits) to preglacial and interglacial times had arisen 
from mistakes in the genetic classification, remanié beds, often con- 
taining débris of older glacial deposits, being put down as themselves 
of direct glacial origin. 

He explained, by référence to the genesis of the Bouïder clay, a fact ^ 
that had been mentioued, namely, that in one part of the glacial drifUi; 
there was an abundanee of striated boulders, while in another part o 
the sarae deposits there were none. If the ice moves on beyond th 
source of material (that is, of rock-bosses above the ice) then ail th 
fragments which hâve fallen upon it will hâve found their way dowi 
through the crevasses and beconie glaciated at the bottom; but if th 
drift consists chiefly of material that has been carried on or in the i 
as in the case of short glaciers, then there will be few striated stone 
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des grandes subdivisions chronologiques que Ton puisse établir pour les 
différents pays, nous discuterons la question sur Tune ou plusieures 
glaciations dans des pays autrefois récouverts des glaces et sur les 
dépôts interglaciaux, tâchant d'établir la corresi)ondance de ces dépôts 
dans les différents pays. Nous passerons plus tard aux pays qui n'ont 
jamais été récouverts des glaces et nous tâcherons d'y établir les subdivi- 
sions se basant sur la structure, sur la position des différents dépôts 
et sur leur faune. Cela terminé, nous arriverons à éclaircir les prin- 
cipes de la classification clirouologique des dépôts pléistocènes. 

Mais^ autant que je le comprends, nous sommes ici pour discuter la 
question sur la classification génétique des dépôts pléistocènes. Alors 
les subdivisions fondamentales doivent être autres. Nous avons devant 
nous le problème à résoudre; quels sont les agents principaux qui ont 
pris part à la formation de cette série extrêmement complexe que nous 
désignons sous le nom des dépôts pléistocènes? 

La glace continentale n'était qu'un de ces agents, principal peut 
être; certainement nous avons devant nous beaucoup d'autres; les cou- 
rants d'eau, dépendants ou indépendants des glaces, le vent, les eaux 
stagnantes et la végétation produisant des tourbières, les neiges cou- 
vrant périodiquement les montagnes et les plaines au delà de la limite 
de la glaciation, les pluies et les averses transportant les particules 
minérales des sommets des hauteurs et les déposant sur les pentes 
douces, etc. 

Je voudrais bien exposer devant cette auditoire, dont la compétence 
dans ces questions dépasse tout ce qu'on pourrait imaginer, quelques 
résultats de mes études sur les dépôts quaternaires de notre pays, et 
faire-connaître la classification des dépôts en question, classification 
qui est en usage en Russie; mais je voudrais d'abord entendre les 
opinions de mes illustres collègues sur les questions générales que je 
viens d'exposer. 

Mr. DE Geer agrées with Mr. Wahnschaffe in so far as that he 
admits that a chronological classification is locally possible. He also 
recognizes at least two glacial epochs, marked by two great oscillations 
of the ice, but in mauy places — in Russia for instance — he does not 
believe that it is possible to détermine where the correspondiug strati- 
graphical limit is to be drawn. The same is true of many other places 
and deposits, much of the alleged chronological classification being in 
fact genetic. The use of a chronologie System in mapping has often 
compelled the field geologist to make entirely artificial subdivisions, 
and it therefore seems to be without doubt the best and most natural 
way to use a genetic classification until we can get a basis for another. 

Mr. Wahnschaffe, referring to Mr. Credner's assertion that there is 
no proof of an iiiterglacial period in northorn Germany, thought that 
the existence of a diluvial fauna between the two tills is sufficient proo£ 
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UMii:j:a the two moraines are iiot in ail 

.. ^n ruiet-d are not found everywhere, 

- iT*. is a riile, tlie resiilt of one lauil iee. 

- <-^T r:ie bliio moraine of cliaractcM-istir 

r - siret, and the yellow comiug ont from 

i-r^ «/pr i*4.)ntomi)orancH)us. In ♦be northern 

t- >> far as he knows, s]>eaks of two ice 

-V ir :»lue an<l the yellow, are also found. 

_ .r-:. -r :' two iee a^es, the two moraines are 

^- .T'ii;iLd>. Every ice ag:e bas two moraines; 

^ _.-.... i^. jave four. 

. :^.- F^>uld be diflficult to ex])lain the exist- 
r»*.-^ -^iiiiT-naies liO or 40 feet tbick, of fine Sîind 
^ r--^"^'i ^he two sheets of moraine mentioned, 
..^^r-^ . 'i^ nieltinj;^ of one and the same prlacier. 
.-ix.: -^.r »ns the reverse of tbose stated by Dr. 
wj^ :. «s J^ •-'•r^ î"»^ *1**^ lower yellow, in a^'cordance 
^ -: _ :rf«-r'j: DK-ks from which they bave been derived. 

^-.^^ :i^i. .::inifteristie guide boulders in tbt^ two tills 
..• «X T^juL sources so situated that tbeir courses mnst 
^.. ij;^t:> :o each otber, thus showing that botb beds 
— . .^ K» i**k:st'î^ of entirely différent ice sheets. 
^. ..r*s.r -.W ïhe Si'ctionof peat and silt between two lavers 
■ !►: r.ver Clyde, above (îlasgow. 
^, . : :!io Imricd river chaiinel of the Kivor Carron, -^ ^ 

r .'.:.'» U'ss than five distinct bcMls of till or boulder — "^ ' 
. ,:. ?s;'.uvaTed by bcds of sand or mud, duriug the -^^ 
z .; it^al miniii^'. This pre^lacial river bed liad a -^ * 
V :t: Ivlow sea levcl, and was describcd in Crolfs ^^^^ 
■ ., " Hoalsodescribed a small chaniiel in the surface "^-^ 
.. ,. îvMioss, on the Frith of Forth, the lowcr part of 
.^ ^ \ iivavcl <lerive<l from icc-transported rocks from a 
: * î.^ .\wcred by tnie stiJïtill, showing that there must 
V. .^ :* Ti:hu'ial period wheu the old till with foreign stones 
. 1 > >\ sîn»ams, and that a subseiiuent return of the ice 
^^ 4.., »'.\\i up the little stream bed with its moraine pro- 

^ , -. ^ ..v'iiv. attention (1) to the importance of lan<l forms 

• , :^ r. •.: riw^nis of the ji:ooh)^n'c agcncics opcrating in l^leisto- 

^,.,. ;; ;o tho supcriority of geneti<» classification for the 

"^ ^^ , ., ..,..; :>niis of the Plcistocene; and then (3) set forth in 

». . '..ïss'.tication of Pleistocene formations aiid land forms 

; tvundvd survcy of jihicial, arjuco glacial and aqiieous 

U Mîssissippi vallcy (chlctly in northeastern lowa); {h) 
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an examiiiation of Jacustral and glacial deposits and land forms, with 
associated volcanic i)roducts, in the Gieat basin of western Unit^ 
States; and (c) detailed studies, extending over a décade, of the^lacial, 
aqneo-glacial, estuarine, and marine deposits in tbe Coastal plaiu of the 
Atlantic and Gulf slopes of eastern and southeastern United States. 

THE INTERPRETATION OF LAND FOBM». 

Varions géologie agencies operate on the land, modifying rocks and 
fashioning the surface, and in this way leaving a record of their opéra» 
tiens. During récent years the significance of such pbenomena ha» 
come to be perceived; and it is now recognized that land fonnsyidd m 
record of cx)Dtinental history which, within certaia limits^ is qnito aa 
intelligible as, and sometimes more definite than, tbe record conunoo]^ 
read from coeval and corrélative dei>osits. The systematic examinn- 
tien of land forms and their interprétation as records of géologie his- 
tory introduces a new branch of géologie science, called "pbysical 
geography'' or "physiogiaphy" by différent writers, which bas been 
ciesignated ^'geomorphic geology" by Powell and the "new geology^ 
or "geomorphology" by the writer; but tlie tenu "geomorphy," first 
«mployed in a somewhat différent connection by Sir William Dawson, 
't^hoagh never extensively used with this meaning, is préférable. 

In gênerai the utility of the record read from land form varies 

-înversely with its antiquity. The newer characters rei)resenting the 

"^vork of agencies now operating or recently discontinued arecouimonly 

lear and distinct, while theolder characters arecommonly blurred and 

ndistinct, and the oldest may be ail but obliterated and so overplaced 

newer characters as to yield at the best but a fragmentary inscrip- 

4oD. So the value of geomorphy as a means of interpreting géologie 

istory culminâtes when applied to the later épisodes and âges, and 

rogressively diminishes when applied to successively earlier épisodes 

d âges. 

Land forms represent the opérations of both constructive and 
estructive agencies. Alluvial fans at the embouchures of waterways 
re wholly constructive, while deltas, strands, and certain terraces 
«rmed at or below water level and laid bareby déformation of the land 
r withdrawal of the waters exemplify indirect constructive forms; and 
th thèse catégories of forms represent the works of hydric agency. 
raters, cinder cônes, and other typical land forms produced by vol- 
anic agency are in like manner constructive; and so too are drumlins, 
"•i^rminal moraines, till plains, and certain other forms produced by 
lacial agency as well as kames, paha, sand plains, and certain other 
^rms produced by aqueo-glacial agency and eolic agency. Certainly 
^lie most extensive and perhaps the most interesting and instructive 
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land fonns, howerer, lepieHent tbu do^truL-tive t^ategory o( processee, 
and those foond most siffniflca&t thas far are tbe forms prodiired by 
the deateactive action of runiiing wiiters, TLcae iueladp baselevfls, 
gorges, and canyons; peue-plaina and plains; buttes or ridges of obda- 
rate material «hioh always lag betiind tbe gener&l snrfiiicc in baselevel 
plsaing, aud whioh maybecalled "cutoctins" fruni atypic-^ exaiuplo, 
tiie Oatoc^in range of Tltginfa nud Maryland ; the rtisidual remnauts 
of diridefl irfaloh buelerel pluiing ]im uot yet reached;* toge^tLer 
wfHi BeacpBf bluff Unes, SEtlmitB, aud othcr forma ; and from them mucli 
bas be^ learned concernlng tiie attitude of the eastcru part of the 
Untted Stàtecs and bo of t&e pb^-sicul bistory of tlie continent as far 
înto the -patb as the beginning of tlie Oretaceous. OLber things eqaal, 
hovever, titat geomorphio reoonl is beat wbicb ia inacribed iu botb 
ecœstoactiTè and deetroctiTe forma. 

.* "Saw the charaoteristâe pfaenometia of the Pleiatocene are ecpecially 
Bosoeptible of geomor|ihic Intopretation. In tbe fîi'Ht plac« tbe Plets- 
tooene period represents tbe latëst cbaptcr in géologie Itiatory, and the 

' characteis of itg deposîts and land fomi.s are eommouly clpar and seldom 
ffîtârdy obliterated, so tfaat ite xccoi-d is exceptionally intelligible. In 
tlx' sv'L'iiiid place the chaiacteristii' agoucy of tlie Pleiatocene glaciers — 
ice — is l'otli deatmctiveandoonstructive, while tbe oscillations iu levél 
and tlic iiKidifleationsiQ drainage attending tbe ice invasion facilitated 
produilinii of conslxiicti've fonns by liydrii; ageucy in sncb positions as 
to be littli- affectedbysnbseqaent changes — tbe glacial and aiiiieo- glacial 
deposits laid down in one plac« are made np of materials gathered else- 
vbere, and botb the deetrnctive process of collection and the oon- 
structive process of déposition resnited in the development of charac- 
teristie forius. Tbns the laud forma of the Pleistocene afford a more 
complète geomorphio record tban do those of any other period. More- 
over, since tbe record of Pleistocene land forms is more eztended than 
the record of Pleistocene deposits (for tbe deposits represent only the 
areaa of déposition while the land tbrms represent thèse areas and alao 
the corrélative areas of concurrent dégradation) the metbod of geo- 
morphy is essential to aecnring tho beat reanlts in tbe ezamination luid 
classification of Pleistocene pbenomena. Accordingly the intwpreta- 
tion of land forms is of prééminent otility in Pleistocene geology. 



THE SDPEBIORITY OT 6EIŒT1C 0LA88IPIGA.TION. 

The chief purpoae of scientific research is tbe ascertainment of 
natnral relations; and wben tbe relations are ascertained th^ are 
expreasedintaxonomieaorsystemaofclasaification. !N^ow, thesnccessive 
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h. At baselevel (commonly revealed by émergence). 
I. Sea-cliffs, wave-rounded islets.' 

II. Littoral deposits, shingle beaches, wave-built strands, spits, bare, 
• shore terracea. 

III. Marsh deposits, horizontal plains of silt or mnd. 

IV. Alluvial deposits, âood plains^ natoral levées, terraces of varigrada- 

tion.« 
c. Above baselevel. 

I. Torrential or overplacement deposits and land forms characteristic 

of mountainons régions ; gradiug into — 
II. Tains deposits aud land forms, including ordinary cliff-talus, playas, 
etc. 

III. Spring deposits of tafa and sinter, etc ; geyser prodncts. 

IV. Cave earth, stalactites and stalagmites.^ 
2. Destructive — 

(Chieây derivative topographie forms produced by the modification or par- 
tial destruction of the foregoing throngh the action of runnii.g water; to- 
gether with surface sinks aud the characteristic topography produced by 
subterranean drainage.) 

B. Glacial: 
1. Direct — 

a. Constructive. 

I. Ground prodncts of glaciers. 

i. Till sheets or ground moraines with their characteristic con- 
figuration, 
ii. Till accumulations (due to the cumulative effect of arreated 
activity); including drunilins, veneered hills, crags-and-tails, 
irregular till-hills ; including aiso greatly elongated and par- 
allel or slightly divergent and sometimes loess-crowned ridgos, 
thus forming the nucleii of paha.** 
iii. * Lodge moraines, transverse till-ridges. 
II. Surface prodncts of glaciers. 

i. * Dump moraines, certain boulder belts. 

li. Englacial and superglacial drift (sometimes, but with donbtful 
propriety, called **upper tilP'), including occasionally rock- 
flour, loess, and sand beds, and raroly boulders, assooiated. 
with assorted drift matter. 



'During the submergence of the early Pleistocene Columbia period, wave-rounded 
islets of two classes wero formed: (1) Sonie eminences were corapletely submerged 
at the maxium dépression, though the waters persisted much longer at a lower level, 
so that the knobs are rounded in plan and profile (examples, Maulden mountain, Bail 
mountain, and neighboring eminenccs in Maryland) ; (2) certain isolated emiuences 
were never submerged, though the waters washed their bases and built broad ter- 
races on their fiaukH, so that they are wave-rounded in plan but not in profile (ex- 
amples, tbotwo Lumpkins mountains and Duck hill in Mississippi, Cordons mount- 
ain in Tennessee, and neighboring eminences). 

-Pleistocene history of Northeastern lowa, llth Ann. Kep. U. S. Geological Survey, 
1892, p. 273. 

•A relation between cave formation, stalagmitic growth, etc., is suggested by the 
similarity of the cave fauna and the Quaternary fauna of this and other countries. 
Cf. op. cit., p. 564. 

<0p. cit., pp. 220, 229, 405, 545. 
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III. Marginal products of glaciers. 

i. Glacial talus, or local and snblocal drift usually confined to 

transyerse valleys about the ice-margin.^ 
il, * Push moraines, 
iii. * Latéral moraines. 

h. Destmctive. 

I. Oronnd products of glaciers. 

i. Tors, parallel ice-molded ridges, smoothed and striated plains, 

billowy rock-surfaces (e. g., the Rainy lake région), 
ii. U-canyons cirques. 

iii. Rock basins, transverse troughs (e. g., Sardine lake in Bloody 
canyon, Cal. ; the basins of the Great lakes). 

II. Marginal products of glaciers. 

i. Latéral cascades of U-canyons. 

ii. Ice-molding of summits withont modification of valleys in 
régions of low relief; ice-molding of valleys without modifi- 
cation of summits in régions of high relief.^ 

2. Indirect — 

a. Constmctive. 

I. Products of englacial streams. 

i. Aasar, gravel ridges (including most kames and eskers) with 
zones and patches of assorted drift, ail produced by subglacial 
streams. 

ii. Paha, with some aasar, kames and eskers, and zones ur patches 
of loess and sand, including most of the high-level loess, ail 
deposited by superglacial streams generally at or after the 
time of cntting through the ice sheet. 

iii. Sand-plains, boulder and gravel fans, overwash aprons, zones 
of boulders and assorted drift, ail produced by streams issuing 
from the ice or flowing along the ice margin. 
II. Products of glacial streams after leaving the ice. 

i. Certain sand-plaius and overwash aprons headiug in terminal 
moraines ; the more extended bodies of loess, including most 
of the low-level phase ; ail produced by glacial rivera heading 
in the ice. 

ii. Fossiliferous loess, both high-level and low-level, grading into 
paha; produced by déposition in ice-bound or marginal 
lakes. 

iii. Silt sheets (and perhaps some sand-plains in régions of high- 
relief), including ^'gunibo" tracts and some ^'crawfish âat«;^' 
the Albany clays and tlieir équivalents in part; ail produced 
by déposition of glacial débris abont baselevel in swamps, 
alluvial marshes, shallow bordering lakes, or deepor fresh- 
water lakes due to ice-dams or déformation. 

iv. Silt sheets, loam beds and other accumulations of glacial débris, 
perhaps containing marine fossils or giving origin to sait 
springs ; produced by déposition of glacial débris about base- 
level in coast-wise marshes, shallow estuaries, or bordering 
océan. 



Op. cit., pp. 510, 514. 
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m. Products of floating ice. 
i. * Glacio-natant till. 

ii. Beds of boulders, cobbles, and gravel, with Bcattered 1>on]der8 
more or less defiuitely 8tratiûed and intermixed with loam aud 
silt (examples : the basai bed of the Colombia formation in 
New Jersey and tbe '^ loess-base" in northeaatem lowa). 

IV. Products of water and ice affected by glacial climate. 

i. Shore ridges prodnced by the grounding of floes and structural 

features of like origin.^ 
ii. Beds of boulders and gravel transported in ice-floes. 
iii. Estuarine, marine and alluvial beds of loam formed during the 
glacial dépression, tbe collection of tbe material being facili- 
tated by increased précipitation and vemal thaws and fresbets 
(examples: most of the Columbia loam). 

b. Destructive. 

I. Products of englaoial streams. 

Certain pot-boles, chaunels and drifbless patches, chiefly pro- 
dnced by subglacial streams and moulins. 

II. Derivative products (chiefly representing post-glacial work). 

i. Gorges carved in sand-plains and over-wasb aprons, with the 

terraces and other topographie forms produced tbereby. 
ii. Certain terraces.^ 

iii. Inciscd plains, i. e., plains in wbicb the prevailing profiles are 
horizontal lines, with narrow V-shaped notohes marking water- 
ways. 
iv. ** Pinnacly'* or dentate topography of the loess and the low-level 
Columbia formation. 

C. Eolic: 

1. Constructive — 

a. Dunes and drifted sand-plains. 
h, *Eolic ( î) loess. 

2. Destructive — 

a. Sand-pits and ponds.^ 

b. General wind carving or déflation.^ 



«Vide 7th Ann. Kep. U. 8. Geol. Survey, 1888, pi. LXiv, p. 583. 

«Classified iu détail in Pleistocene History of northeastem lowa, op. cit., p. 273. 

'In northeastem lowa therc are certain tracts in which the basai sands of the 
loess are exposed to eolic action and bave acqulred a peculiar chopped-sea topog- 
raphy, tbe dunes alternating with sand pits, sometimes of such depth that for a 
considérable part of the year their bottoms are below "ground- water" level, when 
they are transformed into ponds. Near the divide between Elkhom and Platte 
rivers in Nebraska, on the head waters of Clearwater creek, there is a tract of sand- 
dunes of which the largest is liollowed ont on the west-southwest into the form of a 
crescentic shell, the sand-pit eut into the dune bcing of such depth as to form a 
pond during the greater jiart of the year ; and this dune (known as the *' DeviPs 
Basin") is only an extrême type for tliat région, in which nearlyall large dunes are 
broken by saud-pits ou tbeir windward slopes. 

*Cf. Johanues Walther, Nat. Geog. Mag., Vol. iv, 1892, p. 173. 
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D. Volcanic : * 

1. Dîrecir— 

a. Lavasheets. 

b. Craters and cinder-cones. 

c. Tuff beds, lapilli sheets. 

2. Indirect— 

a. Tiiff beds and lapilli sheets laid down in neighboring water bodies, more 

or less intermixed witb other sédiments. 

b. Derivative land forms produced by rnnning waters acting on tbe fore- 

going deposits. 

Mr. Ghambeblin, in closing the discussion, said that tliere was 
great difficnlty in applying a chronological classification, and that such 
a classification might even act as a barrier to observation and to the 
récognition of the truth. Chronological classification is the ultimate 
goal of glacial stadies, but it is something for which we are not as yet 
prepared. Ked, oxidized subsoils are not developed in northern lati- 
tudes. Organic deposits between glacial layers are abundant in the 
West, but do not belong to a single horizon. Many facts of érosion 
and physical geology indicate that the glacial epoch in America was 
widely differentiated and of long duration. How many distinct periods 
it embraced we do not as yet know. 

Mr. GoPE added: An abundant tropical fauna is found in the 
"Equus beds,^ which, if they be of interglacial âge, indicates at this 
time a very warm climate. This fauna is succeeded by a truly boréal 
fauna. In this is contained material for a chronological subdivision 
of Pleistocene deposits. 

* WhUe ynlcanism is not a characteristic agency of the Pleistocene, there is some 
reason for believing that the agency was stimulated by the strains and déforma- 
tions produced by shifting loads of ice and water during this period. Perhaps the 
most sig^ificant évidence of association is that afforded by the extinct miniature 
Tolcanoes whose craters are now occupied by the Soda lakes, Nevada. The larger 
of thèse suffercd two and only two distinct éruptions, respectively coinciding 
exactly with the terminations of the high-water stages of the Pleistocene Lake 
Lahontan. 




D.-DISCUSSION SUR LE COLORIAGE DES CARTES GÉOLO- 
GIQUES. 



Mr. PowELL, opened the discussion by exhibiting charts displajring 
the color schemes recently adopted for the gênerai geological maps 
about to be piiblished by the U. S. geological survey, and said : 

There are four great classes of rocks which are more or less diverse 
in exterual appearance, internai characteristics, and mode of genesis, 
and which are in the main readily distinguishable even by casual obser- 
vation. Thèse are (a) fossiliferous clastic rocks, (b) su])erficial deposits, 
(c) ancient crystalline rocks, and {d) volcanic rocks. 

For the distinction of thèse four classes of rocks and of the numerous 
divisions withiu each class there are available three kinds of device», 
each of which already has the sanction of gênerai usage. Thèse are 
(1) color, (2) pattern, and (3) name or name symbol. They are some- 
times used singly, but they are most advantageously used in combina- 
tion. 

Colors vary through a wide range in tone, and they likewise vary 
through a wide range in tint. Wlien colors are used in coinbination 
with patterns, the patterus hâve the effect of producing variations in 
tint, and for this reason it is advantageous to restrict the distinctions 
made by colors to distinctions of tone only. Distinctions through tint 
may, however, be used to strengthen distinctions through pattem. 

The possible variety of patterns is infinité, and the number of sim- 
ple patterns readily distinguishable from one another is large. 

The use of names, or of initial letters or other abbreviations repre- 
seuting names, fiiils to express area and boundary, and is therefore 
not coordinate in efticiency with the use of colors and of patterns, but 
it has an important subordinate function. 

In view of thèse considérations, aud of certain other considérations 
arising from gênerai usage, the gênerai plan of géologie cartography 
of the U. 8. geological survey has beeu arrauged as follows: To each 
of the four great classes of rocks there is assigned a group of patterns. 
Within each class, subdivisions are represented by colors and by 
spécifie patterus, the two beiug ordiuarily used in combination. Tbe 
identification of each indication through color and pattern is secored 
by means of letter symbols. 
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The Ib.ssiliterous clastic rocks are iudicated by patterus iu parallel 
line^. Sai>crficial deposits are iudicated by pattenis in circular fig- 
ures. Ancieiit crystalline rocks are iudicated by hachure patterns. 
Volcanic rocks are iudicated by patterus iu atiguhir figures. 

Color is used iu two ways: First, solid, or completely coveriug the 
surface, and iu pale tints; second, in patterUvS. The first nse has a 
chronologie function; the second has varions fuuctions in the several 
rock classes. In the notation for the fossiliferous clastics, the chrono- 
logie élément is accented by coinbining an underprint in solid color 
with au overprint iu pattern of the same color, diflfering only in tint. 
In the notation for the other classes of rocks, overprinted patterns are 
made to dififer from underprints in tone as well as tint. In the nota- 
tion for the superticial deposits, ail patterns are given paler tints than 
the patterns for the fossiliferous clastics. In the notation for volcanic 
rocks, ail patterns are given deeper tints than the patterns for the 
fossiliferous clastics. In the notation for ancient crystalline rocks, one 
pattern is printed over another pattern of différent tone, each being 
of médium tint. 

The following table shows the color schemtî for fossiliferous clastic 
rocks, in which only patterns in parallel lines are used: 



Period. 



Keocme 

£(M.*eDe 

Creiaceons ... 
Jura-Trias — 
CarlMniferoas 

I^voniaD 

SilurinD 

Cambriaii 

Algonkian 



Letter 
symbol. 


Color. 


N. 


Orangr. 


E. 


Yellow. 


K. 


Yc'llow-green. 


T. 


Bluo-grecn. 


C. 


Jihw. 


I). 


Violet. 


S. 


Pnri>le. 


i\ 


Pink. 


A. 


Kc<l. 



The arrangement of this color séries is essentially i)rismatic, but the 
ehromatic circle is completed by the addition of the extra-prisinatic 
eolors, purple and pink, and the coniplete<l circle is redividwl between 
the prismatic eolors, red and orange, for the sake of securing in the 
seiîal arrangement the largest possible number of coiTespondenc<^s with 
existlng widely prévalent usage. 

The prismatic eolors are never used with their full prismatic value, 
but are modified with white and black, so as to greatly reduce their 
brilliancy. The eolors for volcanic rocks are ma<le most brilliant ; those 
for the superficial dei)osits least brilliant. The clastic rocks are chiefly 
modified with white; the ancient crystalline rocks with black. 

The period eolors are printecï solid in pale tint. For other pur- 
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poses tbe same séries of colors are also used in patteru, but in darker 
tint. 

Among tbe fossiliferous clastic rocks the x>eriod eolor is used alone 
when it is impracticable or undesirable to indicate the compouent 
formations. Wbeu tbe formations are discriminated, tbey are indi- 
cated by overprinted patterns of parallel straigbt liues in darker tînt 
of the same eolor. Eacb formation is furtber indicated by a letter 
symbol, composed of tbe capital initial (or mouogram) of tbe name of 
the period and tbe lower case initial (and when necessary otber letters) 
of the name of tbe formation. When tbe formation is deôned and the 
period is not certainly known, tbe ground eolor may be omitted, and 
the overprint constituting the formation pattem will be used alone. In 
such case the associated letter symbol sbould include only. the forma- 
tion symbol in lower case. When boundaries of the formations are not 
accurately known, the overprints are allowed to blend if the uncer- 
tainty is due to intergraduation, or to fade out without meeting if the 
uncertainty is due to concealments of contacts. 

Tbe parallel Unes used for tbe distinction of formation terranes among 
the fossiliferous clastics may be vertical, horizontal, or oblique ; narrow, 
broad, or alternately narrow and broad ; and separated by spaces whicb 
are narrow, broad, or alternately narrow and broad. Combination and 
permutation of thèse diflerences will afford twenty-seven patterns for 
tbe distinction of tbe formations of eacb period, a number of distinctions 
whicb will uudoubtedl}'^ suffîce for ail practical purposes. The lines of 
oblique patterns may descend from left to rigbt or from rigbt to left, 
but tbe distinction tlius afforded will not be used on any atlas sheet to 
discrimmate patterns otberwise identical. 

Mr. Van Hise, in furtber explaimtion of tbe eolor scbeme of Mr. 
Powell, explained tliat tbe Arcbîcan rocks are designated by an under— 
print of liglit brown, witb an overprint of hachure patterns iu dis- 
crète or broken liues, in two colors of médium tint. For metamorpbl^ 
crystalline rocks of known âge a similar hachure pattern in one colo^ 
is printed over the ground eolor adopted for the period. Tbus met^= 
morpbic Cambrian rocks are designated by a hachure pattern 
broken lines, over au underpriiit of pink. For crystalline rocks 
unknown âge the hachure pattern is used without underprint. 

Mr. WiLLCOx objected to the scbeme of coloring proposed by 
Powell, that the best use had not beeu made of tbe cbromatic sca>l 
Itdid not use the ni ne colors that niost forcibly contrasted witb ea4 
otber. In this schenie, three of the primary colors are made up .of r< 
and blue, and one only of yellow and bine; a better distribution wovC 
be to hâve two of red and blue, and two of yellow and bine. 

Mr. Powell rei)lied to the reinarks of Mr. Willcox that, in choosh - 
primary colors for lus scheme, he had aimed not so much at selectii 




E.-COMPTE-RENDU DES EXCURSIONS GÉOLOGIQUES. 



Avant que le Congrès se fut réuni, un certain nombre des membres se rendit dans 
l'État de New York^ sur l'invitation qui leur fut faite par M. H. S. Williams, profes- 
seur de géologie à Comell ITniversity, pour y étudier les terrains paléozoYques des 
États-Unis dans les localités classiques. 

EXCUR810N PALÉOZOÏQUE. 

Directeur, H. S. Williams, aidé par MM. C. S. Prosser et Gilberi Van Ingen. 

Les géologues qui prirent part à cette excursion se réunirent à Utica le 18 août. 

Le 19 août ils all^reut à Little Falls où ils examinèrent, à la carrière « e M. Iliram 
Boyer, les contacts entre les gneiss arcliéens et la base des séries paléozoïqnes. Le 
20 août, excursion, sous la conduite de M. Ed. Hurlburt, aux chutes de la rivière 
Trenton, oïl se montre une belle coupe du calcaire Trenton (Silurien inférieur), ricbe 
en fossiles caractéristiques. Le 21 août, dans les environs de Oriskany Falls, on 
examina le grès Oriskany (Dévonien) et les calcaires à Pentamerusj inférieur et supé- 
rieur. Pendant le trajet de Oriskany Falls au lac Caynga on traversa les séries 
Utica, Clinton, Saliua, Coniiferous et Maroellus. 

A Union Springs, aux bords du lae Uayu^a, les géologues purent voirie lendemain les 
carrières à gypse du série Salina et le» calcaires du Lower Helderberget Corniferous, 
et, plus au nord, suivre les couches eu ascendaut jusqu'au grès Oriskany. Après 
avoir un goûter, gracieusement olVert par Mme. Anthony, ils traversèrent le lac dans 
un yacht A, vapeur à Shelldrake Point. Là ils visitèrent un ravin oîi se montre une 
belle coupe de la série Hamilton, riclie eu fossiles, et se rendirent le soir à Ithaca. 

Le 23 et 24 août îi Ithaea. Retenus par la pluie lé premier jour, les voyageurs 
examinèrent, le matin du 24, la coupe de Fall Creek, où se montre les couches depuis 
le Portage inférieur jus([u'au sommet du groupe Ithaca, y compreunant les zones à 
Spirifir lœviSj à Linguîa complanata, à Cn/ptonella eudora et & Spiri/er mesocostalis. 
Ensuite ils visitèrent les belles collections du musée de l'Université de Comell, oîi 
ils purent voir les fossiles caractéristiques des terrains qu'ils venaient d'examiner 
pendant l'excursion. 

Ici l'excursion se termina et les géologues se sèi)arérent, quelques-uns allant à 
Rochester pour y examiner «l'autres coupes ))aléozoï(iues, les autres passèrent par 
Maueh Chunk i)our voir les terraius carbonifères, et quelques-uns enfin allèrent 
directement à Washington. 

Pendant la durée du Congrès une seule excursi<m géologique eut lieu, qui eut 
pour but d'examiner les terraius mésozoïcjues et tertiaires au bord de la rivière 
Potomac. 
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Le lendemain matin (troisième journée), pendant que la train remontait la vallée 
du Mississipi, des déMgations des villes sœurs de St. Paul et de Minnéspolis vinrent 
inviter les voyageurs de xisiter ces villes, oïl ils furent reçus de la manière la pius 
hospitalière. On conduisit les voyageurs en voiture par les deux villes pendant 
quelques heures, leur montrant tout ce qui pouvait les intéresser. En passant d'une 
ville àTautre, on s'arrêta à Fort Snelling, où M. N. H. Winchell, chef géologue de 
FÉtat de Minnesota, attira Fatteution sur les évidences de l'antiquité de l'époque 
glaciaire, démontré par l'érosion du fleuve. 

A cinq heures du soir on remonta dans le train, et le lendemain on se trouva sur les 
Grandes Plaines du nord, que Von traversa pendant toute la journée, faisant quelques 
courts arrêts pour voir de plus près les "Mauvaises Terres." 

En arrivant au Yellowstone Park, le cinquième jour, on se divisa en deux sections, 
afin qu'on put accomplir avec plus de facilité la tournée projetée de six jours pour 
examiner les différents objets d'intérêt géologique. M. Arnold Hagne guida une 
division et M. J. P. Iddings l'autre, pendant que M. W. H. Weed, qui était campé 
près des geysers, expliqua la croissance du sinter dans leur bassins, leur durée, etc., 
aux membres de chaque division. 

On quitta le Yellowstone Park le douzième jour, et dans l'après-midi, à leur 
arrivée à Butte City, les excursionnistes furent reçu par les propriétaires des mines, 
et ceux qui en étaient désireux furent conduits dans les travaux souterrains. M. F. 
S. Van Zandt, propriétaire de la Bluebird Mine leur offrit un "lunch" avec vin de 
Champagne, et fit illuminer sa mine à la lumière électrique, afin qu'on put plus facile- 
ment examiner les galeries, dans lesquelles des dames mêmes sont descendues. 

Le treizième jour, en entrant dans le bassin du Grand Lac Salé, on s'arrAta à 
plusieurs reprises pour examiner les terrasses et la voie d'écoulement de l'ancien lac 
Bonueville. Pendant l'arrêt de quelques jours qu'on fit à Sait Lake City, un banquet 
fut offert aux voyageurs par le professeur L. E. Holden de cette ville. La table fut 
mise avec 125 couverts, et les décorations, au lieu d'être de fleurs, consistèrent en 
fruits magnifiques, tels que l'irrigation seule peut produire. 

Plusieurs excursions se firent pendant le séjour à Sait Lake City, dans des trains 
spéciaux, sous la conduite de M. K. G. Gilbert, aidé de M. E. Joues, pour examiner les 
terrasses du lac Bonueville, et les escarpements de failles qui les traversent le long 
de la base des montagnes. M. S. F. Emmons a aussi expliqué ce qu'on a pu voir, 
dans un si court délai, de la structure des montagnes Wusatch. 

Arrivés dans le Colorado, la réception <ju'y reçurent les voyageurs fut encore plus 
enthousiaste. On mit à leur disposition le magnifique établissement de bains à 
Glenwood Springs ; en approchant de Lead ville, Canyon City et Denver des dépu- 
tations vinrent au devant d'eux pour s'entendre avec eux sur les excursions en 
voiture, qu'ils pouvaient désirer faire dans ou autour de leurs villes respectives. 

Pendant qu'on traversait le Colorado on fit quelques arrêts de courte durée pour 
examiner, ne fut-ce que rapidement, les phénomènes suivants: Les mines de houille 
dans les roches crétacées à Newtastle; les coulées toutes récentes de basalte dans la 
vallée de Eagle River; le mamelon (butte) de rhyoliteprèsdeNathrop, qui contient 
des topaz ; une série de roches algonkiennes récemment découverte près de Salida ; les 
couches à poisson d'âge silurien à la carrière Harding, près de Canyon City, que M. 
C. D. Walcott venait de décrire à la dernière réunion de la Geological Society of 
America. Pendant la nuit qu'on passa à Leadville, plusieurs membres sont descendus 
dans les fameuses mines d'argent de cette ville sous la conduite de M. Emmons. 
A Puéblo on a examiné avec intérêt les belles collections des minerais du Colorado 
dans le ** Minerai Palace." 

A Manitou un train spécial conduisit ceux des géologues, qui désirèrent faire 
l'ascension, au sommet de Pikes Peak. 
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Mil« »Dtr*> In Bi^rii- Kewi 



Hiillgannii ut PoDglns-Honghtoii, 
nnw et les gri'^B Cumbrien». 

Uanu la nnit du 29 nii 30 Meptoiolin* on alU ilt- CtUmnet nu district do l'euokee- 
Gugeliii; poiir j- eniuiiiDur les (^scmeutB ■!*■ luiuBrui do fer, a'urrf^tiuit pluaif urs foia 
peniliuit lu trajet ttuUt- Hniiilay Lsk(> (Mii-liisun) l't l'ututo Itivcrr (Wiscunsin) pour 
exuuiuer, 1° lu dùwurdaau» mitre le Huninlen anpérirDt et le oomplex fondameutiil ; 
> les trois mombres du HuroaiRn Hiipi5ritur ; 3° lea relatioiia entre les giBi?.iui^nts ûf 
fer, ce* trois memlireit et lea rocliea ériiptivea; et ein&a i" les rorheii i^rnpttvas et 
détriliquuH, interatratifii^ea iIoiib In série Keweenaw. 

PartiUil de i^e [>oint nos gi'olognM furent recouduite A HLlwftnhee,oîi il» arrivi-reiit 
le 2 octobru, et 
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EXPLICATION DES EXCURSIONS 
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GEOLOGY OF WASHINGTON AND VICINITY. 



THE GENERAL PHYSIOGRAPHY. 

There are in Eastern United States tJiree distinct physiographic 
provinces. Most conspicuons of thèse is the Appalachian zone, an area 
>f long, low mountain chains of wonderful parallelism. At the eastern 
base of the mountains lies the Piedmont plateau, an undulating plain 
standing 500 to 1,000 feet above sea level. Between this plateau and 
the océan lies the Coastal plain, a generally sinooth lowland rising 
^ently from océan waters to altitudes reachiug about 300 feet. 

The rocks of the Appalachian zone are Paleozoic, running from the 
g^rboniferous down to the Canibrian and probably to the Algoukiau, 
r^regating 25,000 to 40,000 feet in thickness. The entire séries is 
rly or quite conformable; the materials range from coal seams 
ard the summit, and pure liniestone at varions horizons, to coarse 
dstones, and in Pennsylvaiiia to great beds of conglomerate. The 
ta, originally horizontal or slightly inclined westward, hâve been 
rmed and altered in a variety of ways. In the western and central 
"^ions of the province they hâve been flexed symmetrically and thrown 
a séries of anticlinal and synclinal corrugations, seldom more than 
ile or two in width though often scores or even hundreds of miles 
ngth — a séries of mountain folds unparalleled elsewhere on the 
in length, symmetry, and concordance in direction. In the cen- 
L part of the zone the symmetric flexing is combined with faulting, 
L iu many cases the faulting is of that overthrust type which char- 
2^^izes the Scottish Highlands and the Canadian Bocky mountains. 
=^1)e eastern margin of the zone the symmetric flexing fails, faulting 
t i normal and overthrust) prevails, and the rocks are more or less 
^V)undly metamorphosed — the limestones transformed iuto marbles, 
thaïes into slates, the sands into quartzites. Throughout the prov- 
"^ the distinctive structure and the rock composition are both 
^^<îted in topographie configuration; the prevailing forms are long 
"*"ow ridges, separated by long and generally narrow valleys; but 
land forms represent respectively the outcropping edges of hard 
and soft beds rather than original flexures. 



22lj GEOI/JOy OF WASCINGTON AND VICINITY. 

Bixl tliu Kubuiuriue |iortioii8 of tUe GoaaUil plaiu are esisentially a 
unit, HUil tîxo )ii-es(>iit (loast liiiu is but an aecidcut of preseut relation 
betweeu 8(»a aiid laud. 

Despite the diversity in rocks, structure, and cotifigoratinn io the 
threo pnivincea, tho principal rivera of tlie middle Atlantic »lo[»e trav- 
erse ail alike. The Moliawk and tbe Hndson mn around tfae north- 
eastern pxtremity of tbe typical Apjialiicbian zone, separating the 
tliree distiuotivo provinces fi-oin the analogous (but probably not liomol- 
Ouïrons) pliyaiograpliic. tract of New England; the Ddaware, with ita 
^eat eecondarythe Lebigh, tbe SusqaebAnna, the Potomac, and the 
James, rise well within the Appalachian zone, eut tlirough the ttncc«a- 
«ivn ridgos in a série» of «lefts, cross riireftly the Piedniont platean, 
and,although divertedat thefalllîne, thenceinteruect the Coastal plain 
to tbe Atlantic; and escept ot the fall line their courses are essentially 
independent of structural conditions. Yet even along tbe great rivera 
the bonndaries of the physiographiu divisions find expression. The 
Appalacliian-PiedmoTit bouudary is marked by narrow notebes in the 
Bhie ridge, forming the far-fiimed ■' watcr gaps" of the Delaware, of 
tbe Lehigh, of tbe Susi)nehanna near Harrisburg, of the Potomac at 
HarperH Ferry, and of tbe James at Balcony falls; tbe Piedinout- 
Coastat boundary ia still more etrougly marked by the iino of cascades 
ou every river, birge and siaall, fi-om tbe Raritan in New Jersey to the 
Boanoke in North Oarolina, aud by the deflection of the waterwayg 
which peninsulate the lowland plain from New York to Bichmond. 

THE LOCAL PHYSIOGRAPHY. 

The city of Washington, like the other métropoles of tbe middle 
Atlantie slope, is located at tbe common boundary of the Piedmont and 
Coastal zones. The western part of the city is boîlt on tbe andent 
crystallines, tbe eastern on the nonlitbi&ed clastlcs; thongb oatliers 
of tbe clastic formations oceasionally occur on the apland some milea 
farther westward. Located like neigbboring métropoles at the head of 
navigation, the city marks the position of the fall linei At Washing- 
ton tbe Potomac river is tidal, and pèrbaps half a mile vide; within 
4 miles upstream the ehannel contraets at ordinary stages to barely 
100 feet, changîng meantime from a slack-water canal into a rashing 
torrent. Thia is the " Little Falls of the Potomac." Then follov 12 
miles of nearly continuons rapids to tbe " Great Falls of the Potomac," 
wbere at ordinary stages the river contracta to about 60 feet and 
descends 40 feet in a succession ofplunges, of wbieh thebigbestisaboat 
15 feet. Between Washington and Great Falls the river occapies a 
narrow gorge excavated in a broader one, whose bottom averages 150 
feet above tide; above Great Falls tbe river wanders over tbe bottom 



iMBE] LOCAL PHYSIOGRAPHY. 227 

oï tbo older gorge. Each tributary between Washington and Great 
Falls lias a rapid or fall at a distance from its mouth varying directly 
with its volume and înversely witli its distance below the cascade of tbe 
Potomac; that of Rock creek is some four miles from the mouth, and is 
a picturesqne rapid in which the contracted stream rushes over a rugged 
rocky bed cumbered by huge boulders. Midway between Washington 
and Great Falls rhe river displays an anomalous feature (of which the 
Snsquehanna is the type) in that, although of high declivity, latéral 
corrosion exceeds the vertical cutting, especially at freshet stages, so 
that even the channel remaius broad and shallow. 

Just west of the city the embouchure of the gorge expands, and its 
walls nierge into the gênerai Piedmont scarp overlooking the Coastal 
lowland. Just east of the city lies Anacostia river, a goodly mill- 
stream only, clear and rapid in its headwaters amoiig the Piedmont 
hills, but sluggish and marsh-bordered for the last five miles of its 
course. A century ago it was navigable, and transatlantic shipping 
embarked and debarked at Bladensburg; but now it is clogged with 
alluvinm and barely navigable above the Washington navy-yard. 
Between the rivers lies a triangular amphitheater, bounded on the west 
by tbe Piedmont scarp, on tbe north by a terraciform upland, on tbe 
east and southeast by low bluffs carved out of Coastal plain deposits, 
and oi)ening southward through tbe Potomac estuary. Most of this 
ampliitbeat^r, togetber with the upland borders toward the north and 
west, is occupied by the city. 

Southwest of the city there are ext^nsive terraces, evidently wave- 
fasbioned, but deeply invaded by érosion. North of the city the upland 
is similarly teriaced, though broad and deep ravines interrupt the 
continuity of the plains; and beyond the Anacostia most of tbe surface 
represents two or more wave-fashioned plains which, although deeply 
soored by érosion, sometimes main tain their integrity quite to the verge 
of the river bluô's. The Fort Myer upland, soutbwest of the city, is 
simi^ly tbe scarp of a broad terrace. Kalorama heights and Columbia 
heigbts, toward tbe nortbwest, are tbe salients of a similar terrace. 
Good Hope bill, on tbe southeast, is a remuant of another terrace. Tbe 
bluff on which tbe National Asylum of St. Elizabeth is located is the 
scarp of a lower terrace of wonderful borizontality and continuity. 
Farther westward and northward tbe surface rises in less regular 
divides, crests, knobs, and spurs; but hère and there terrace remuants 
are found up to over 400 feet above tide, or nearl}^ to the greatest alti- 
tudes of tbe région. 

The terrace plains are built; tbe broad, low, wave-fashioned plains 
flooring the amphitheater are composed of the newest deposits of the 
région ; the higher terraces carved on the walls of tbe amphitheater 
are of earlier, yet late Tertiary, origin. Tbe smaller ravines as well as 
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urtificial excavntions reveal tbe materiala oï tlie terraccB iii hundreds of 
exi»08ureB; tbo larder nivines us well aa artiâcial excavutîona reveal 
the clastio formutiont^i beiieath aDil east of the city ia iiumberleas 
expDsiires; Fotonmc river and its larger tribntaries are bonud betw«eu 
Bteep, often pretûpitons, walls of tlie crystalline rocka. The eiitire 
région is diaaeeted by waterways and by a multitude of etormcut 
ravinea, autl ao tbe loi-nl relief îa stroiig except btward the iuteriora ol 
the broiMler ten-a<:es. 

THE GENERAL GEOLOGT. 

-l'IlR ROCKS DF TKK PIBDMOKT PL&TBAU. 

Prtëent State of Knowledge, — Siuce tbe beginnings of American geol- 
ogy tbe pruvailing crystalline cbaracttT of the Piediiunit terrane bas 
been recogiiized, aud tbe roeka bave coniuiouly beeu referred to tbe 
Arcbean and frequently correlated ou petrogTai»bic ground wîth tbe 
Huronian, Laui'eiitiaii, and otber ancient rock syatema of distant parts 
of the country. During the last décade Dr. George H. Williams began 
eyeteinatic work on tbe Pîedmoiit rocka in tbe vicinity of Baltimore. 
More receutly bis atndtoB bave been exteoded vestward across the 
entire zone aloug several lioes in Mary land, Virginia, and North Oarolina. 
The more imxH)rtaiitreHalt8 of thèse researcbes bave been publisbed 
by the Geological Society of America.' By meaiia of tliese studies 
tbe pefrograpliic dianwtcr, sfrnvturo, and rebitiona of tlie Pîedniiint 
rocka about tbe latitade of tbe National Capital hâve been made 
known. 

Tke Rocks and tkeir Relation. — The Piedmont plateau ia divisible 
into an eastern bighiy crystalline and a western aemicrystalIlDe por- 
tion. The former conaists of gueisaes and holocrystalline mica schiste, 
quartzitea, aud marble, contaiuing an abimdanceof more or leaa dynam- 
ically metamorphoaed eruptive masses. Ail of thèse rocka bave a 
prevailing north-northeast atrike and a westerly dip. The veston 
portion, ou the otber hand, ia compoaed of partially metamorphoeed 
aedimentary strata (sericite and chlorite schiste, ottrelit« schist, 
phyllîte, and Umestooe) and is nearly free irom aucieut eraptives. The 
atrike of theae rocka coufonns to tbat of tbe eastem portion, bat their 
dips are prevailingly toward the east. In spite of apparent conformtty 
and even indications of transitiona between tbeee two portions of the 
Piedmont région, they are separated by a great tlmè break and nncon- 
formity. The easterly dips on tbe west and the westerly dips on the 
east, togetber with the nearly vertical strata between, produce a radî- 
ating or fan structure, and the axia of this fan is not coïncident with 
the contact between tbe crystalline and semicrystalline portions. The 
thicknesB of either séries of rocks, as indicated by their présent dips, 
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would be so vast that we must assume tbat tbe saine beds are repeated 
over and over agàîn by tiglitly compressed folds or thrusts. In the 
absence of ail paléontologie datsi it is impossible to assign a deûnite 
âge to either of thèse séries. In tbe ligbt of wbat bas been discovered 
elsewhere, however, it is not improbable tbat tbe western and semi- 
crystalline areas represent tbe older Paleozoic borizons, metamophosed 
by more intense dynamic action than bas aiieeted tbem fartber west- 
ward, wbile tbe bolocrystalline rocks on tbe east are a remnant of tbe 
pre-Cambrian continent, from wbicb tbe Paleozoic sédiments were de- 
rived. The apparent conformity between the two régions may be 
explained by supposins: that tbe bigbly cryatalline rocks also formed 
the floor apon wbicb tbe now semicrystalline schists were deposited as 
sédiments. Thèse older rocks, already greatly altered and folded, 
underwent at tbe time of tbe Appalachian uplift one more final fold- 
ing, which gave tbem their now prevailing treiid and carried the over- 
lying Paleozoic sédiments with tbem. This supposition is also in 
^uxx)rd with the fact tbat severakclosed synclinals of slate and semi- 
^^rystalline schists are found pincbed into tbe gneisses far east of the 
:^^iain contact. 

THE FORMATIONS OF THE COASTAL PLAIN. 

.Z^resent State of Knowledge, — Altbougb géologie reconnoissance was 
st>ended over tbe portion of tbe Coastal plaiu lying in tlie middle 
sintic slope early in tbe présent century, detailed surveys were not 
ontil long after. So, vvbile tbe composition, structure, and âge of 
tli^ ^eposits wereknown in gênerai terms, little was known of the précise 
^irrm,M. te of the several formations, or of tbe géologie bistory recorded 
^^ifcliMin tbem (particolarly about tbe National Capital), until tbe middle 
^*" "fc-Iie last décade. Soon after the organization of tbe présent Geo- 

Survey, systematic study was initiated ; witbin tbe next three 
8 certain formations were discriminated and classiûed, and the 
8 of investigation applicable in this distinctive, if not unique, 
îc province were developed. Subsequently detîiiled surveys were 
irtaken,under the auspices of tbe Geological Survey, by Mr. Nelson 
XZ^artoD. Certain formations were by biiii discriminated and classi- 
and the composition, attitude, and précise areal distribution of 
^<>rmations lying between the Potomac river and Cbesapeake bay 
^^westem shore^ of Maryland) as well as in much of "tide-water 
^Sinia," w^:e ascertained. The areal distribution of tbe clastic for- 
ons developed about Washington, as determined by Mr. Darton, is 
^^I>x*^8ented on the Washington atlas sbeet of tbe Û. S. Geological 
^.^^'^'^^«y; maps of other x>ortions of tbe Coastal plain are not yet pub- 
^ ""j àlthoagh the surveys are well advanced. 
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The survey.s uortli and soath of the Potomac-Gliesapeake peninsula, 
and of the peninsula lying east of Chesapeake Bay (the ^^eaateru 
shore" of Marylaud and Delaware) are not yet completed. Accord- 
ingly, while the formations enamerated below are probably représent- 
ative of the Coastal plain throagbout much of the middle Atlantic 
slope, they are, in gênerai, accurately known only in the immédiate 
vicinity of Washington. 

In the researches within the Coastal plain certain methods, developed 
as the work progressed, hâve been constantly osed; and Binoe thèse 
methods aredistinctive, and since, moreover, they affect materially the 
resolts of the work, they may briefly be stated : 

(1) Beconnoissance and preliminary sarveys showed that the Ooastal 
plain deposits are commonly thin but extensive, and each composed 
of distinctive materials, only a part of the séries being fossiliferoos. 
Moreover the Coastal plain is vast, extending over fully lô^ of latitade 
and 250 of longitude, and inchides the deposits of the greatest river 
of the continent, of niany variously conditioned rivers of less size, and 
of coasts receiving little terrestrial drainage; from which it was iuferred 
that the distribution of organisms -during past eons was affected by 
diverse conditions of euvironnient, much as the fauna and flora of the 
présent are affected. Accordingly it was deemed feasible to deflne the 
formations by composition, attitude, and physical relations, and to trace 
formations from place to place throughout the province by meaus of 
stratigraphie continuity, independently of fossil remains presnmptively 
varying from place to place with the varying environmental condi- 
tions of the periods of dei)osition. Thus the formations disoriminated 
in the Coastiil plain are essentially physical nuits. 

(2) As research progressed, it was found that, in many cases, the 
materials of the successive Coastal plain deposits may be traeed to 
their sources, and that their character and distribution indicate the 
proximity of shores, the depths of waters, the positions and character- 
istics of sedimentbearing rivers, etc. Thus it was fonnd that each 
formation represeuts a certain gênerai relation between sea and land, 
the récognition of which easily explained local variations in the physi- 
cal condition of the deposits; and thus the tracing of the formations 
by stratigraphie continuity was faeiliated and extended. So each 
Coastal plain formation is a physical unit, and at the same time an 
expression of the gênerai physio^aphy of the continent during the 
period of its déposition. 

(3) As researches into tlie relations of land and sea during the 
several eons pro^ifressed, it was found that in many cases the character 
and distribution of deposits composing the formations indicate not only 
the position an<l size of sédiment bearing rivers, but the declivities and 
other conditions of tliose rivers, whicli in turn indicate the attitude. 
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indicate that it was diiring the trausition, from tlie low level of Lafa> 
yette déposition to the high level of post-Lafayette dégradation^ that 
the modem displaceinent of the middle Atlantic eloiïe was initiated and 
the rivers were diverted iuto thelr présent anomaloas courses. 

The Lafayette formation^ commonly consists of well-rounded, quartz- 
itic gravel, more or less abuudantly embedded in a matrix of red or 
orange-tinted loam, the gravel élément predominating in the north. 
westernmost expo8ures and the loam predominating toward the interior 
of the Coastal plaiii. The pebbles are evldently derived chiefly firom 
the Potomac formation -, the loam is derived in part firom the same for- 
mation, but in probably larger part from the residua of the Piedmont 
crystalliues. The deposit» differ from those of the younger Oolambia 
formation in that the pebbles are finer, more completely water-wom, 
and more largely (][uartzitic (the Columbia alone containing boulders 
and abundant pebbles of the local and sublocal Piedmont crystallines); 
and they maybe discriminated from the older Potomac deposits by the 
smaller size and better rounding of the pebbles, and by the dearth of 
arkose (which is abundant in the earlier formation), as well asby a nom- 
ber of less striking eharacters. 

The Lafayette formation, like the Columbia, has been recognized 
throughout most of the Coastal plain except in the northern portion of 
the middle Atlantic slope, in the Mississippi bottoms, and in a nomber 
of more restricted areas from which it has been degraded. Its compo- 
sition varies from place to place in such manner as to indicate the 
local 8<mrces of material and conditions of déposition; yet despite this 
local diversity it is marvelously uniform throughout the 200,000 square 
miles over whi(;h it has been recognized — indeed, though the youngest 
member of the clastic séries, this formation is at the same time more 
extensive and more constant in aspect than any other American forma- 
tion. 

The Lafayette formation overlaps unconformably ail the older mem- 
bers of the Coastal plain séries in such manner as to indicate that ail were 
extensively degraded anterior to its déposition; yet the floor on which 
the formation rests is more uniform tlian its own upper surfiEtce, indicat- 
in^ that, wbile the antécédent érosion period was long, the land stood 
low, so that it was phmed iiearly to baselevel and seldom deeply 
trenched. Diirin^ the i>ost Lafayette, élévation, on the contrary, the 
land was deeply trenched and not planed, indicating a higher altitude 
than during the earlier eon, but a shorter period of stream work. This 
reeord witliin tlie Coastal plain proper c^^incides with a geomorphic 
record found in the Piedmont and Appalaehian zones. Throughout 
thèse zones the major and most of the niinor rivers flow in broad and 
deep yet steej) si(le<l ^orjres excavated in a baseleveled plain. The Poto- 
mac gorge belongin<>: to this catejjrory extends from Washington well 
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toward the sources of tbe river; it is within this gorge that the newer 
Washington-Great Falls canyon is excavated ; the same ancient gorgeis 
admirably displayed at Great Falls, and agaiu at the conflaence of the 
Shenandoah at Harper's Ferry. Moreover the ancient gorges of this 
category are best developed in the northern part of the middle Atlantic 
slope, where the Lafayette formation is most extensively degraded. 
Now, by the concordance of history thus recorded in plain and plateau, 
the dégradation epochs of the adjacent provinces may be correlated 
and the ancient gorges of the Piedmont plateau and of the Appala- 
chian zone as well may be referred to the period of high level immedi- 
ately following Lafayette déposition. While the positive évidence for 
this corrélation is hardly conclusive, the négative évidence is more 
décisive — the Coastal plain deposits yield no other record of continent 
movement of sufficient amplitude and extent to account for this wide- 
spread topographie feature. 

Accepting the corrélation, some conception of the relative antiquity 
of the Golumbia and Lafayette periods may be formed. In gênerai, 
post-Lafayette andpre-Columbia érosion was sufficient to remove fuUy 
half of the earlier formation throughout its vast extent, and to trench 
it and the older formations beneath, along the présent shore lines of 
Atlantic and Gulf, to depths ranging from 150 or 200 up to 600 or 
800 feet, or to efiect firom 50 to 5,000 times the dégradation of the post- 
Golumbia period. Again, the post-Lafayette gorges of the Piedmont 
and Appalachian zones exceed the post-Golumbia gorges excavated by 
the same rivers in the crystalliue rocks certainly not less than 500 
times, and x>erhaps more than 5,000 times. Moreover, if the corrélation 
be accepted, the immense canyons of the middle Atlantic slope which, 
albeit more than half fiUed by later deposits, yet accommodate great 
estuaries, must be referred to the post-Lafayette high level, and the 
pygmy submarine trenches of the Atlantic coast*^ must be referred 
chiefly, if not exclusively, to the post-Golumbia high level; in which 
case the relative érosion measures are many thousands to one. It is 
indeed known from the steepness of wall of the Piedmont and Appala- 
chian gorges that the excavation was effected rapidly, and hence that 
the land stood high above baselevel for a relati vely limited period only — 
a period exceedingly short in comparison with the antécédent period 
of baseleveling; and accordingly that the post-Lafayette high level may 
not hâve i^ersisted, and probably did not persist, to the beginning of the 
Golumbia period. Yet however the several variables be evaluat<îd, it 
is manifest that the pre Golumbia and post-Lafayette dégradation 
interval must hâve be^n many times longer than the interval of dégrada- 
tion following the Golumbia period. The relative antiquity of the 
Golumbia and Lafayette formations thus indicated is shown graphically 
in the accompanying fig. 1. 
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oMurate materials are iiot, however, L-ODfioed. lo tbe l'otaamc for- 
iiiation in whicli tbey were oriyinally deposited; tliey hâve beeu 
réarrange»! and incorporatôd with the Lafayette, tlie Columliia, aud 
probably the Ohesapeake formations, aud Iiave been accninalated ta 
modem talusos and torrcntial dt^positH. Morvover, einco the advciit ot 
the wliite man the pebble» and cobbles huve be«ii colleeted fur pavîng 
and gntteriag; ami before hia era theywere esteusîvely uscil by tbe 
abortginee for the raanuTacture of rude implements. -Altbongb poorly 
foHHiliferous in tbc District of Columbia, so far as knowii, tbe l'otoniac 
formation has yielded a remarkabic fauna aDd a wonderfully ri(<Ii and 
interesting flora. The fatinal remains, eoUected priucipally between 
Baltimore and Washiugt^m comprise dinosaiirian bohes of unique 
species but, a<'Cording to Marsh, strong •Torassic afEinities; the flora, 
obtaiued chiefly firc»m Virginia, bas been iiiutiograpbed by Fontaine, by 
whoMi it im reganled of CretaceouB taciea and probably équivalent to 
tlie Cenomaniau of Europe, tbougb Ward decms it somewhat older. 

The l'otomac formation has beeu trat-ed soothward along tbe fall 
line in isolated exjtosnres across the Carolinaâ and Georgia, to reap- 
pear iu considérable volume in Alabama, wbere it is designat«d the 
TuscaIoo8a formation/ It lias also beeu traced norttiward through 
Maryland aud Delaware, and bas been recoguized iu New Jersey. 

The Potomac formation restw umronfnrmably on the Piedmont crj-a- 
tallines, filling »tvp\> sided aud narrow gorges at low levels, overapread- 
ing the moderately utidulating [ibiiiis »t higb levels. Tbe anoient 
configuration revealed by this unconformity comprises an extensive 
Piedmont peneplain, half reduced to baselevel and afterward deei^y 
trenched by the waterwaya, mach as tlie smoother baselevel soriace of 
Iat«r times waa trenched daring the post-La&yette high-level. The 
dnration of the pre-Potomac dégradation period vas vast. At the close 
of the Paleozoic the eastern United 8tat«s was exteosively deformed, 
aplifted, and eroded, until many thouaand feet of the aorface ww 
carried iuto the sea; then came the Newark or Triassio period of local 
déposition, whicb was foUowed in tum by exteusive déformation, the 
&iilting amonnting probably to many thousanda of feet; and then fol- 
lowed comparative qaietude until not ooly tbe cbannela of tbe vater- 
ways, bat the entire surface over some hundred thonaand sqoare miles 
was approsimately baseleveled, undoubtedly by tbe dégradation of 
tboasands of feet of rock bcds, 

This snb-Potomac unconformity gives some indication of the relatiTe 
position of the Potomac formation iu the Mesozoic period as vell as of 
the relative duration of the several coastal plain periods of déposition 
and dégradation. Lt't post-Colnrabia érosion represent unity; then 
post-Lafayette dégradation inay be represented by 1,000, and the post- 
Potomac and pre-Lafayette baselevel period may be representad by 
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The Origin and Relations of the Rocks. — ^The Appalachian Paleozoic 
province is characterized by the occurrence of sédiments deposited in 
the Mediterranean sea of North America, which existed during the 
lapse of time from the early Gambrian to the close of the Carboniferous 
period. It is bounded on the north and east by ancient crystalline 
rocks, the bases of a great mountain System, now deeply eroded, and 
the remaius of a continent whose former extent is only to be inferred 
from the enormous volume of sédiments it yielded to the Paleozoic sea; 
and ou the south and west, Mesozoic and Genozoic deposits limit oiir 
observation of the older strata. 

The history of subsidence and upliit, of érosion and sédimentation, 
may be summarized as folio ws: 

Cambriaa: The invasion of the sea, which began the known depos- 
its of Gambriiin strata along the Appalachian crystalline area, fouud 
a continent mantled in the products of rock disintegration.^ Thèse 
materials, easily swept away, produced a mass of fine sandstones and 
shales, and near the source they retained fragments of feldspar, horn- 
blende, and other minerais, which gave rise to transition bedsbetween 
the clearly crystalline and the clearly sedimentary rocks. Limestones 
formed where the mechauical débris was not too abundant, and the 
resuit is a complex of deposits measuring 7,000 feet and more in thick- 
ness. The uppermost meuiber is the Potsdam, a sandstone in its typi- 
cal locality, elsewhere a shale or a limestone carrying the characteris- 
tic Upper Gambrian fossils.^® 

Lower Silurian : This period is divided into two epochs, separated 
by an interval of érosion of the earlier member. The conditions of 
déposition continue generally unchanged from Gambrian into Silurian 
time, the principal resuit being a great thickness of chert-bearing dol- 
omite. This formation is the most widespread, the most uniform, and 
the most massive of ail the Paleozoic séries. From Massachusetts and 
New York to Alabama, and westward under the Mississippi Valley, it 
is every where the great limestone member of the stratigraphie column. 
It is usually 3,000 to 4,000 feet thick. This phase of déposition was 
closed by an uplift, which permitted the formation of wave-wrougbt 
conglomérâtes and sea clifif débris from the limestone along the coast 
line in Tennessee and in Massachusetts, and probably throughout the 
en tire interval wliere detailed search has not been made. This brings 
us about to the close of the Trenton period of New York. 

The second epoch began with the transgression of the sea, and oon- 
tinued until the coast line of the CambriaS océan had been submerged. 
Tlie conditions of the source of sédiments were precisely like those that 
existed dnring the Gambrian, and a very similar séries of conglomér- 
âtes and sandstones were formed. The submergence of the land was 
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deeper than any that preceded or followed it; sédiments to a deptli of 
1,200 feet accamulated locally aud thiuued out westward to a few kun- 
dred teet. About (Cincinnati they are represented by the higbly fossil- 
iferous shales and limestones of that name. 

Upper Silarian: The preceding period closed with an nplift, which 
is possibly contemporaueous with the unconforinity locally évident in 
the northeastern province. The ûrst deposit of the Upper Siluriaii is 
a widespread sandstone, of peculiarly clean character, followed by the 
ferraginons shales of the Clinton formation, which contain the impor- 
tant fossil iron ores. The later history of the period is recorded in 
liwestones, the Niagara, Salina, and Helderberg, which are best repre- 
sented in New York, Pennsylvania, and Ohio, and thin out or disappear 
southward. 

Devonian : In the Oriskany calcareous sandstone, followed by the 
Gorniferoas limestone in New York, we hâve a lîthologically variable 
horizon, which contains fossils of both Upper Silurian and Devonian 
tyi>es, and marks the transition from conditions favoring the deposit of 
impare limestones of the Silarian to the great subsidence ander the 
load of mad and sand deposited over New York, Pennsylvania, aud 
Virginia during the Devonian. The lowest member of this séries is a 
highly bituminoas shale, the most persistent of ail Paleozoic forma- 
tionSy except the great limestone, although in Tennessee and Alabama 
dt is often not over 20 feet thick. In Pennsylvania it exceeds 500 feet, 
^ind in New York the formation reaches 1,200 feet. Above thèse dark 
aehales foUow greenish argillaceous sandstones, succeeded by red shales 
sandstones. The total thickness of thèse mechanical deposits 
:ceed8 8,000 feet in northern Virginia, but they thin out rapidly 
»atbward, and are not clearly recognized in Tennessee. 
Garboniferous: The mechanical sédiments of the Devonian are 
^verlain by beds of limestone, which are sometimes shaly, sometimes 
and chert-bearing. Above thèse are the sandstones and con- 
glomérâtes at the base of the Goal Measures, deposits of coarse mate- 
spread over a vast area during a single epoch. Then ensued the 
^Ujonditions of altemating sea and marsh, which built up to a thickness 
»f 3,000 to 4,000 feet the mass of sandy shales, shales, limestones, and 
beds of the Appalachian coal field. 
Tlte AppaUushian Structure. — ^It has long been the assumption that 
;he déformation of Paleozoic sédiments in the Appalachian prov- 
nce took place at the close of the Garboniferous period. That cer- 
was the time of greatest development of folds and faults, but 
;liere is good reason to believe that there were initial disturbances 
for back as the Trenton period. The forms of structure called '^Ap- 
1," and often referred to as a single type, differ greatly in 
461 as ^16 






diffiat'ait régions. But tbey aro ail inauifest^ttiuiis of oiie pbaae of 
deftirmatioii, namely, coiiipreHsîou. A belt of strata extendiiig along 
the olâ i^tioro liue froni Canada to Alabaina bas beeii iiarrowcd hi a 
direction iierpfiKlieulur to tbat sbore I)y a réduction to iivefixths or 
ftnir-flftbs of its lUKlistiirbtîd vrjdtb. Tbis conipressioti, which probably 
irentoii ut lèverai epocbu duiiiig the Paloozolc âge, ratsed long narrow 
arobee witli interiuedhit^ trougbs (autielinus and gynclinee), aiid in t«oiuo 
loealitiea pre.sBtKl tbese folda ttll tbey cinaed npoii tbeuiselveB. The 
force alnu prudiii'«d movetuentâ (fanlts) aloug platiits of weaknesa dvTvI- 
oped iii tbe foldin^ mass, movements wbich ebeared across strata 
opposed to tbem iii such a way as to slide older and deeply buried 
formatâotiB over tbe iMigea of younger dejioaits. TLus a géologie inap 
fflf tiie jVppalachian province uenally represents many narrow i»arallel , 
belts of >«trata in some régions, sucb as Peunsylvania and Virginia, . 
-wbiâiiig aïoiiud alteniatiog anticlinal and synclinal ajces; in otber-^ 
distrieta, sucb asTeuDessec, estendîng for scores of miles adjacent to a>^ 
oontinaous fanlt liue. 

^e liistory of Mesozoio and Cenozoic time is retrorded in tbe Paleo— • 
zoic province in gcograpbic fonoA, in mouutiùns, ba»elevel plains, andS 
river System». Wbat we bave thns far read of tbis hîstory ia ex — a 
pbîneâ elsewbere. ^ ^-^r^^ 

THE LOCAL OEOLOGT. . ' 



General Featurea. — Tbe eiitire area covered by the Washington a 
sheet is coniposed of the crystalliue rocks of the Pieilmont pIateaa_J 
Thèse are, however, concealed in the eastem and sontheru portions oK' 
tbis area by the comparatively thin covering of ooastal plain deposita^ 
fi-om whose irregnJar and sinnoos western edge they émerge to fonnK3 
the surface. Satisfactory ezposnres of theae rocks are to be foand ouly^ 
ia the deep ravines cnt by the streams (e. g. the Potomac and Book^ 
creek or tbeir tributaries), since at tbe surface of the plat«au their^ 
character bas been obacnred or obliterated by extensive saperÛcîalK 
decay and by cultivatiou. 

The older rocks of tbe Washington aheet belong entirely to the^ 
eastem or holocrystalline portion of the plat«au province, as already~^ 
described. They are for the most part granitoid gneisses of varying^ 
composition, which grade into whoUy massive varietiea of probably^ 
eruptive origin on tbe one hand, while tbey retain occasional évidence^ 
of clastic origin (obscure conglomeratic layer») ou the other. Toward-ff 
the west, as displayed along tbe Potomac section, which isnearlytraos- — ■ 
verse to tbeir strikc, thèse rocks become snmewbat more foliated and^E 
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always coutain greeii horublende, biotite, orthoclase, and plagioclase, 
sometimes oiie and sometimen tbe otber in excess. Quartz is also usu- 
ally présent and not infrequently rutilp, spbene, and epidote as well. 
Underthe microscope tbey generally sbow évidence of profound dynamic 
action. In ail probability tbey represent ancient eruptive masses 
wbicb bave been subsequently greatly cbanged and recrystallized by 
eartb movements. Tbey are most extensi vely developed aroand George- 
town and near Cabin John. In qnarries at tbe former place clearly 
defined inclusions of otber rocks bave been noticed, wbicb substantiote 
tbe tbeory of tbeir eruptive origin. 

Serpentine and steatite: A few small lenticular areas of serpentine 
and soapstone occur within tbe area under considération. Tbey ar© 
usually closely associated witb tbe more basic bornblendic rocks, and 
are, probably, like tbese of eruptive origin, altbougb tbis bypothesis 
can not as yet be considered as definitely proved. 

Gabbro : Two small elongated exposures, presumably dikes, of trap- 
like rocks, wbicb tbe microscope sbows to be in ail respects identical 
witb tbe Baltimore byperstbene-gabbro, " occur near West Falls 
Cburcb station, and a larger area surrounds Betbesda Park, wbicb 
grades toward tbe soutb into tbe diorite. 

Broad Brancb scbists: On tbe road leading nortbward from tbe 
Pierce Mill road, along Brotid brancb, a narrow band of tbinly foliated 
sericitic, cbloritic, and siliceous scbists is exposed. Tbese rocks difler 
cousiderably in cbaracter and appearance from tbose about tbem, but 
still tbey grade iniperceptibly into tbe granits and gneiss wbicb lie 
botb on tbeir eastern aud western sides. Tbebelt, altbougb quite nar- 
row, bas a considérable extent from nortb to soutb in tbe direction of 
its strike. Under tho microscope ail of thèse scbists sbow évidence 
of tlie most extrême dynamic action. Tbeir distinguisbing cbara<îters 
( miner alogical composition, foliation, etc.) are clearly secoudary; and 
tbey may readily bave been produced by an unusual amount of com- 
pression brougbt to bear on tbe normal material of tbe granité or gneiss. 
Tbis scbist belt is tberefore probably tbe resuit of extraordinary pres- 
sure attbe axis of a closed synclinal fold, ratber tban tbe product of 
metamorpbism of beds orginially distinct from tbose around tbem. 

Siliceous gneisses and scbists of Great Falls: Tbe barrier at tbe 
Great Falls of tbe Potomac is an unusually siliceous, and tberefore 
unusually bard, band in tbe gneiss. In some places tbis rock is so sili- 
ceous that it contaius liardly anytbing except quartz and mica, and 
tbus becomes a quartz scbist. It exbibits tbrougbout definite micro- 
scopic évidence of baviug been subjected to great pressure. 

In spite of tbe considérable variety sliown by tbis list, tbe crystalline 
rocks near Washington are much more uniform and monotonous tban 
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eastern side and amoants to from 50 to 100 feet. Tkis fault traverses 
the Lafayette and Potomac formations and the crystalline rocks, and 
in the divides its présence is marked by an escarpment of crystalline 
rocks, usually capped by Potomac and Lafayette deposits. The date 
of the movement was maînly between the Lafayette and Golnmbia, but 
apparently some movement has taken place since the déposition of the 
Columbia. 

The Columbia Formation. — The lower terraces of the Potomac valley 
and its larger branches and the valley of the Western branch of the 
Patuxent are occupied by the Columbia formation up to altitudes vary- 
ing from 80 to 145 feet. About the city of Washington the more gên- 
erai Columbia terrace levels are at 40 and 80 feet, respectively, above 
tide, the Capitol being situated on the western edge of a prominent 
outlier of the 80-foot terrace. The formation exhibits its typical devel- 
opment in the District of Columbia, where it consists of two members — 
a lower séries of gravels and an overlying brown or buff loam. The 
gravels are heterogeneous in character, comprising remains of the more 
obdurate material of precediug formations, in large part of local origin. 
The loams are often quite pure, but they are frequently intermixed 
with sand and pebbly streaks and disseminated pebbles. Southward 
from Washington the Columbia terraces border Potomac river to 
widths of from 1 to 2 miles, and the materials as a whole become 
finer. In the Auacostia valley the formation consists mainly of brown ' 
sands with pebbly streaks, but at Washington thèse sands merge into 
the loams and gravels of the typical phase. Along the northern side 
of the Washington-Great Falls gorge of the Potomac there is a nar- 
row shelf at 145 feet above tide, whi<îh is capped at intervais by Colum- 
bia loams and gravels. The thickness of the Columbia formation about 
Washington averages from 20 to 30 feet. 

The Lafayette Formation. — This formation occupies i)ortions of the 
wide, high plains surrouiuling the Washington amphitheater, espe- 
cially toward the south and southeast. Its materials are mainly grav- 
els and loams. The basai and marginal beds are in larger part gravels, 
usually slained buflf or orange superficially, and packed tightly in 
stiff loams and sharp sands. The upper beds are predominantly loamy, 
and farther eastward loams and fine sands with gravel streaks prevail. 
In the outliers north and west of Washington the formation consists of 
gravellj' red loams. The plain on which the Lafayette formation was 
deposited is depressed by a wide, shallow basiu, in which is excavated 
the présent Potomac valley below Washington. The Lafayette forma- 
tion extends for some distance west of the fall Une fault in a séries of^ 
outliers, usually with underlying remuants of the Potomac. 

The GlwHapeake Formation, — Tbis formation underlies the hlgh plains 
southeast of Washington, where it is overlain by a capping of the 
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jafayette formation over the greater part of its area. The formation 
txtends to the edge of the high bluffs east of Washington, and also is 
aught In small outliers of the higher terraee levels at Soldiers' Home 
^ark and between West Washington and Tenleytown. The forma- 
ion consists of very fine-graine^ materîals, mainly sands, with a vari- 
kble proportion of infusorialrematns and clay. In their nonweathered 
ondition the beds are usually very compact, dark gray to olive-green 
n color, and massively bedded. Surface outcrops consist of soft meal- 
ike sands of light buff color. Some clay beds occur locally, notably 
n the eastern part of the District. Infusorial romains are nearly 
iverywhere présent, and faint casts of molluscan remaius are gener- 
Uly abundant in the nonweathered material. The outliers in the ridges 
kbout Washington consist of bufif-colored, meal-like beds, lying on an 
rregular surface of the Potomac sands, and in turn overlain by La- 
ayette gravels. The thickness of the formation increases gradually 
tastward and is about 125 feet in the Marlboro région. 

ThePamunkey Formation. — The Pamunkey formation occupies a wide 
irea east of Washington, and is a conspicuous member of the Coastal 
»lain séries in this région. In its nonweathered condition the formation 
s mainly a bluish or greenish-black mari, consisting of ûne-grained 
[uartz sands mixed with varying amounts of organic matter and clay, 
oïd osaally containing a considérable proportion of the minerai glau- 
ionite. On weathering the glanconite is decomposed and its iron con- 
titaent oxidizes and stains the sands to a dull red brown or snuff 
iolor. The weathered phase is gênerai on the surface in the régions in 
rhich the formation has long been bared of overlying formations. In 
he streams leading ont of the high plains east of Washington the 
ion weathered maris are often exposed, and in the région to the north- 
restward the formation is bare for many square miles. Fossil shells 
ireqaently occur in great abundance in the maris, and there are 
oany prolific fossil localities within a few miles of the city of Wash- 
Dgton. 

The thickness of the formation increases eastward, from 2 to 5 feet 
Q the blufip just east of Washington ^ over 100 feet in the Marlboro 
egion. 

The Severn Formation, — In the vicinity of Washington this formation 
s a thin bed of black sands, lying between the Potomac and the 
^amankey formations east of Potoma<c and Anacostia rivers. It is 
he attenoated southern extension of the great Gretaceous green-sand 
ormation of New Jersey and Belaware; but in this région it consists 
aamly of fine carbonaceous and more or less argillaceous sands, con- 
aining small scales of mica, but very little glanconite. It usually 
kbounds in casts and impressions of distinct Gretaceous fossils; and 
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fossil sbells occur iu abuudauce at several localities. In tbe bluff east 
of Washiu^n it is locally eut out by an overlap of the Pamunkey 
formation, but it cornes in again toward the northeast with a thickness 
of 20 or 30 feet, and is occasionally exposed in streams and road-cats 
througbout tbe eastem portion of tbe Washington atlas-sbeet. 

The Potomac Formation. — Tbe Potomac outcrops occupy a wide area 
in tbe vicinity of Washington, especially to tbe soutbwestward. In 
Washington and tbe Potomac estuary tbe formation is generally hid 
beneath the Columbia formation, and iu tbe plateaus toward the 
Southwest tbe Lafayette formation covers it extensively. The deposits 
consist mainly of clays and sands of ligbt color, commonly most irrega- 
larly intermixed. Tbe basai beds exposed along the western margin 
are mainly gray sandy arkose, with pebbles and boulders. In Virginia 
the sandy arkose and arkosic sands give place eastward to gray, green- 
isb, brown, and buff sandy fissile clays. Nortb of the Potomac they 
grade upward into a great séries of fine quartz sands and clays, the 
argillaceous éléments increasing in proportion eastward. Along the 
Baltimore and Potomac railroad, and thence eastward to the Sevem 
formation, tbe clays are extensively developed, and the sands occur as 
locally iudurated sheets and crusts, or more rarely intermixed with the 
clays. The formation attaius a thickness of over 300 feet east of Wash- 
ington, but it is eroded westward finally to a feather edge. 

Post- Columbia Deposits, — Tbe overwash deposits on slopes and aJon^ 
the smaller streams as well as tbe river muds and marshes, and the 
fresbet deposits along tbe larger ri vers are post-Col umbia in âge; but 
owing to tbeir relative unimportance they are not represented on the 
présent édition of tbe géologie map. As tbe rivers are drowned and 
sinking, and tbe présent area of subraergenee was preceded by érosion, 
alluvial deposits are mainly under water in the Washington région and 
consist of river muds. 

Artificial. — Tbe tidal marshes adjoining tbe southern part of Wash- 
ington bave been built up above tide level with materials obtained by 
excavations from tbe adjoining ebannels. Tbis area is represented on 
tbe map as artificial. • 

THE GEOMORPHY. 

During récent years certain geologists bave come to recognize that 
within certain limits eartb bistory may be read from tbe land-forms 
developed by dégradation as well as from the strata formed by concur- 
rent déposition ; and tbe Coastal plain and contiguous provinces of east- 
ern United States are so eonditioned that thèse lines of research may 
be sueeessfully proseeuted within tbem. 

Altbougb tbe parallel mountain ranges are tbe most conspicuous 
features of tbe Appalacbian province, the broad gently undulating 
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In addition to thèse gênerai featnres of tlie three provinces there 
are a multitude of minor features. of whfcli a portion bave been studied 
and interpreted. Tbus Cbamberlin and Gilbert as well as Wbite in 
tbo west-ern part of the niountain province, and McGee in tbe eastem 
part of tbe same province and also in tbe plateau, bave ascertained 
tbat tbe early Pleistocene deposits rest on tbe great Appalacbian- 
Piedmont peneplain; Willis bas traced tbe same or a remarkably sim- 
ilar peneplain into tbe soutbem Appalacbians in Nortb Carolina; 
Davis ^^ bas recognized and admirably described an ill-deflned pre- 
Triassic and well defined pre-Cretaceous peneplain in New England and 
tbe nortbern Appalacbians ; Emerson bas incidentally developed certain 
features of a pre-Triassic land surface in New England; Hayes and 
Campbell in tbe soutbem Appalacbians, and Keitb in tbe central area 
of tbe range, bave traced otber baselevels and deduced tbeir dates; 
and by tbese and otber researcbes several important features in tbe 
geomorpbic bistory of eastem United States bave been elucidated. 
It is known tbat tbe drainage and tbe topographie forms resulting 
tberefrom in tbe Appalacbian zone were developed by orogenic move- 
ment and are tberefore tectonic, and it is believed tbat tbey are cer- 
tainly conséquent in tbe western part of tbe province, and probably 
antécédent in tbe eastern part; it is known tbat mucb of tbe drainage 
and configuration of tbo Piedmont plateau is of tbe subséquent type, 
depending upon planation and measurably reflecting rock composi- 
tion, and also tbat anotber part is superimposed ; and it is known tbat 
wbile the principal drainage lines of the Coastal plain, are affected by 
relatively récent déformation the greater number of the streams and 
of tbeir land-formed progeny beh)ng to a séries of autogenetic Systems, 
repeatedly yet concordantly snperimi>osed. 

The épisodes tbus recognized blend as a consistent and essentially 
complète séries of continent movements indelibly recorded in tbe land 
forms of the mountains, the phiteau, and the lowland. The séries begins 
with tlie faintly recorded incomplète baselevelling of tbe pre-Triassic 
time; tbis shadowy record is foUowed by the more definite one (at least 
in tbe latitude of Washington) of a long baselevel period, foUowed by 
a brief high-level period, during which the land first tilted seaward and 
tben sank until the Potomac deposits were laid down ; next follows tbe 
extensive record of tbat long baselevel i^eriod which Davis styles "pre- 
Cretaceous," thougb it may be questioned whether tbis record does not 
merge with that of the pre-Potomac épisode on the one hand and tbat 
of the long post-Cretaceous baselevel period on the otber; tben follow 
the séries of alternating épisodes of sluggisb déposition and indolent 
dégradation recorded in the Severn-Pamunkey and Chesapeake for- 
mations,, with their intervening unconformities — a séries of épisodes 
which may not be diseriminated in the faintly inscribed record of tbe 
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INTRODUCTION. 

EXCURSION TO TUE ROCKY MOUNTAIN8. 

The undersigned was called iipon, a few weeks before the opcDing of 
tho Congres», to prépare a geological guide book for the use of those 
members of the Congress who should take part in the proposed excur- 
sion to the Eocky Moun tains. 

Parts of the vast région to be passed over during the excursion had 
neverbeen systematically examined; ofother parts the results of récent 
examinations had not yet been published, and the published surveys of 
still other parts were scattered through many bulky Government, State, 
and other reports, ail of which it would hâve been impossible to consult 
in the time given, and many of which had been more or less superseded 
by later and as yet unpublished observations. Under thèse circum- 
stances the only feasible plan for preparing such a guide book was to call 
upon geologists within reach, who were most familiar with différent parts 
of thèse régions, to contribute descriptions of the geology of such parts. 
Those thus called upon respondexi moat promptly and generously, but 
their contributions necessarily varied somewhat in détail and method of 
treatment, according to the varying conceptions of the authors. It 
was not possible, in the limited time given, to return their manuscripts 
to the authors for revision so as to produce the necessary uniformity, 
and the duty therefore fell upon. the editor of hastily rewriting a con- 
sidérable portion of the material contributed, and of filling in any gaps 
to the best of his personal knowledge. The resulting guide book was 
necessarily somewhat unequal in the amouut of detailed description 
given of différent parts of the région, and also incomplète in illustration 
and bibliographie référence. In spite of thèse imperfections, it so well 
subserved its purpose that a uuanimous request was made by the other 
secretaries, who had taken part in the excursion, that it should be pub- 
lished in the Compte-rendu, after revision by the varions contributors 
of the parts for which they were to be held responsible, and the addition 
of a8 many illustrations and bibliographie références as possible. This 
request bas been complied with, as far as has proved practicable, in the 
folio wing pages. In a few cases the original contributors hâve been 
too busy to revise their notes, and the editor has been obliged to pré- 
sent the description of their régions much as they originally appeared. 
In other cases^ where the descriptions contained in the original guide 
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bookwerea L-omplIation oftlicuotesof «everal indlvidualK, it hua ttoeu 
4ifflcillt to divitle tUe parts m os iiut to interfère with the c;oDtiauity 
Otthadt'BL-riYtûoa. WHiateverhas been Itwt in tliis respei't, liowever, 
hasbeen more thaiiinade upby thegrenter fiilliiessuf trentmiMit. The 
lista, prei>are4 byea('hcoiitributor,of publications containing tbe most 
receDt aud imiwrtant geological infonuatioa in regard to the respective 
areiu described bave, for convenienco of référence, been l'Oinbined iuto 
a single tist plaçai at the end of the sketch, refereuœs b«^iug made by 
meami of nnmbers in tlie text corresponding to the nnmbers afïlxtHl to 
eoohthJe. 

Somc of tbe visituig geologists bave kindly contributed notes and 
tketolies made by tbem dni'ing the journey, which forin a valiiable adiU- 
tion, and it is only tu b*- regretted tbat they are not more numerons. 

8. F. Emmons, 

Editor. 



258 GEOLOGICAL EXCURSION TO THE ROCKY MOUNTAINS. 

Niagara Falls, by G. K. Gilbert 455 

Itiuerary — Niagara Falls to New York City, by C. D. Walcot t 459 

Excursion to the Grand canyon of the Colorado i&i 

Itiuerary — Denver to Albuquerque, by S. F. Emmons 465 

Itincrary— Albnquer(|iio to Flagëtaff, by G. K. Gilbert 468 

Itinerary — Flagataff to the Grand Canyon, by G. K. Gilbert 472 

Notes and sketches by viaiting geologists 475 

Note on Walnut canyon, by Prof. T. McK. Hughes 475 

Geological section in Congress canyon, by Dr. Fritz Frech 476 

Grand Canyon sketches, by H. M. Cadell 481 

Bibliography ! 482 

LIST OF ILLUSTRATIONS. 

Map of United States showing route 256 

Pl. I. Geology of St. Paul, Minneapolis, and vicinity 308 

IL Old Faithful in action '. 356 

III. Yellowstono canyon ^9 

IV. Panorama from Mount WaHhbunje 359 

V. Outlet of lake Bonneville at Red Rock pass 377 

VI. Gat«s of Bear river 379 

VIL Fault-trough at LitMe Cotton wood canyon 394 

VIII. San Rafaël swell 400 

IX. Map of Florence oil field 428 

X . Map of Niagara river 455 

XL Bird's cye view of Niagara river 456 

XII. Congress canyon below Hance's cabiu 481 

XIII. Grand Canyon above mouth of Congress canyon 481 

Fio. 4. Section through the Pieduiont plateau in Maryland 272 

5. Settion near Hancock. Md 277 

tî. Section ncar Cuiuberland, Md 278 

7. Section aoross the AUeghanv innuntaius 279 

9. Sections acros^s the oil field ot Northwestern Ohio 294 

10. S 

11. Section from Vermillion lake ti» L>uluth 304 

12. Set'tion across Mississippi river above Fort Snelling 308 

l.S. Section across Mississippi river below Fort Snelling 309 

14. Snowv ran^e .sections A, H. and C 330 

15. lilacial Iwulder near Vellowstone canyon iW2 

hî. Map of Vellowstone park 347 

17. Sht>ri' lines ami fauli sear]»s near Famiington, l'tah 380 

18. Geologieal niai> of Wasatch nioiintaius 386 

19. iieoloiriial section l»et ween Cottonwootl canvons 3S9 

2i>. Protile of South Moraine 394 

21. Solitude station 401 

22. Section. Book ClirtV to Vhite river plateau 408 

2*0. Section. Coal seams at Nt-weastle. Colo 408 

24. Seetion. reverseti fold antl fault oîi Roarin^: Fork 413 

25. Pikes IVak railvxay 432 

2lî. Stvtion at IVar Cnek 43J» 

27. S<'et ion at V .ui HiSber ore*k 441 

2S. The \\ liirlptH»! at Nia;.:ara 458 

'Jî>. The Nutria tohî 471 

i^t'^. rliîl tî\Ni 1!::.^'^ in \V.,':.;;i . ai.yo: 475 

;%1. Srt îion Ml \V;.::î;:t C .::\o:; 476 

i\2. Sh lion in v. on^ress oanM»îi 477 



OUTLINE OF BOUTE. 



259 



List of Kailkoad Links followkd by thk Excursion. 



Day. 



Fir>t 



Second. 



Third. 



Foortb . 

Fîfth... 
Twelfth 



Thirteenth 



SixtMDih. 



Sevente^otb 
£ighte4-Qth . 



NioeteeDth 



Tweniieth . . . 
TwentT-flntt. 



Twentv-Msconil 



Twenty-fhinl.. 
Tw«sDtyfonrt)i 



Main Route. 



Baltimore and Ohio R. R. : 

Metropolitan BrancA— Wanhinfirton to Washington Jnnction. 

Main L<n«— Wanhingtoii Junction to Wheeling.W.Va 

Central Ohio Diviiion — WlM'Hing.'W. Va., to Newark, Ohio . . 

Txike Erie IH'rûnof»— Kewark t4» Chicago Junction. Ohio 

Chicago Division — to Chicago, 111 

Chiv«go, Milwankeo and St. Paul R. R. : 

Chicago IHmsion — Chicago to Mil waukee, Wia 

La Crosse Division — Milwaiikco to I<a CroHsc, Wis 

River Division — La CroHao to St. Paul, Minn 

River Division — St. Paul to Minneapoli». Minn 

Northern Pacific R. R. : 

8t. Paul^ Minneapolis and Facile Ooast Xrt'ne— MinneaiNtlin, 

i Minn.. to Livingston, Mont 

. j TeUotogtone Park Braneh — Livingston to Cinnabar 

Yellowttone Park Braneh — CMnnabar to Livingston 

Pacific Coast Line— Livingston to Ijogan, Moût 

Butte Braneh — Logan to Butte, Mont 

Union Pacific R. R. : 

l'toA Northern XtfMt— Butte, Mont., to Pocatello, Idaho 

Vtah Northern Xrtn^— Pocatello to Ogden, Utah 

Rio Grande Western Railway : 

Ogdcn to.<ialt Lake City 

Sait Lake City to Cîrand Junction, Colo 

l>enver and Rio Grande R. R. : 

Denver and Sait Lake Line—GTBnà Junction to Lcadville .. 

Denver and Sait Lake Line—LoM\vi\\e to Colorado Springs. . 

Manitou Braneh — Colorado Springs U^ Manitou 

3lanitou ^rancA— M an itoo to Colorado Springs 

Denver and Sait Lake Line — Colorado Springs to Denver . . . 
Union Pacific R.R.: 

Kanftas Division — Donvor to Limon, Colo 

Chicago, Rock Island and Pacific Railway: 

Kansas City and Colorado Line— XAmoiï, Colo-, \n Topeka, 

Kans 

Union Pa<;ificR.R.: 

Kansas Divûnon— Topeka, Kans.. to Kansas City, Mo 

Hannibal and St. Joseph R. R. : ' 

Kansas City to Camcnin Junction, Mo I 

Chicago, Rock Island and Pacific Railway : j 

Southtoestem Division — Canieron Junction, Mo., to Chi- | 

cago. Dis I 

Chicago and Grand Tnink liailway : 1 

Chicago, iHs., to Port Huron. Micb 

(iraiid Trunk R. R. : 

Southern Division — Saruia, Ontario, to Suspension Bridge, 

N. T 

New York Central and Iludson River R. R.: 

Suspension Bridge to Niagara Falls 

Niagara Falla to Bufifalo 



Distanc(> 



Miles. 


Kilo, 
meters. 


43 


69 


310 


4M 


101 


162 


88 


142 


271 


436 



.85 

I»8 

127 

10 



I 



90 

476 
67 
M 

I 

464 ■ 

335 

184 

2 
22 



137 

318 

204 

16 



996 


1.603 


51 


82 


51 


82 


49 


79 


71 


114 


263 


423 


134 


216 


36 


58 


292 


470 


169 


272 


202 


325 


5 


8 


5 


8 


75 


121 



145 

766 

108 

87 

746 
539 

296 

3 
35 
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List of Railkoad Links followkd by the Excursion — Continued. 



Dav. 



Twentv-fifth. 



Main route. 



Weiit Shore R. R. : 

Biifialo. X. Y., to Wfwhawken, N. J 

BRANCH ROUTB T<t 8HOSH05K. IDAHO. 

Union Pacific R. R. : 

Ortgon Short I/i'n«— Pocatello, lilalio, to Shoshcme. Idabo... 

BBANCH ROUTE TO FLAOSTAPT. AEIZ. 

Atchiaon, Topeka and SanU Fé R. R.: 

Denver, Colo., to Albaqaerqiie. N. Mex 

Atlantic and PaciJU IXirwion— Alboqnerqne to FUgataff, 
Ariï 



DisUDC**. 



Mi'.es. 



428 



106 



529 
344 



Kilo 
nitfien*. 



«Sa» 



171 



971 
554 



«. 733 lu. 854 



N. B. — Figures above the line in the text refer to tilles in Bibliog^phic liât, p. 
482, et seq. 
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Weverton, and on tlie return it is theoretically crossed bétween the 
Highlands of the Hudson river and New York City, but its manifesta- 
tion tliere is not characteristic. 

The Blue ridge overlooks the IMedmont district from the no/thwest, 
and is a nearly continuons upland from New England to Georgia. At 
most points it is a single ridge rising 2,000 feet above adjacent low- 
lands, but in North Carolina it is expanded into a mountain chain, with 
greater altitude. The outward journey int^rsects it in approachiiig 
Harpers Ferry; the return journey, at the Highlands of the Hudson. 

The Appalachiau valley is a wonderfully persistent belt of lowland 
separating the Blue ridge from the Appalachiau mountains. For 
several géologie periods the Appalachiau région hae stood at so lowa 
level that its streams hâve had small declivity, and mechanical érosion 
has been slow. The cliemical factor in érosion has thus acquired rela- 
tive prominence, and the broad outcrop of lower Paleozoic limestou^ 
which occupies the valley area lias been degraded by solution until i 
surface is far below the contiguous outerops of sandstone and shale. 
is an undulating plain, sharply incised along principal lines of drainag 
and otherwise characterized by "swallow holes" or "limestone sin 
and by caves. The outward journey traverses it from Harpers Ferrjr 
North Mountain Station; on the line of the return journey it is 
well distinguished. 

The Appalachiau mountains** cousis t of Paleozoic strata, from Cîm*"» 
brian to Carbon iferous, which hâve been îunitely folded and faulfc^^ 
The steeper limbs of the fold are usually on the nortliwest side. An^* 
clines are often pushed uorthwestward over syncliues, and in nun» -^ 
ous instances this i)rocess lias culininated iu thrust faults. The pr — ^ 
cipal epoch of foldiug ended early in Mesozoic time, and during the I ^ 
ter i^art of the Mesozoic the district, which then stood several thousa-^ ^ 
feet lower tliaii now, was degraded to the conditicm of a penepla ^ 
Subséquent ui)lift renewed the a(*tivity of the streams, and the distr ^^ 
was carved into a ;i^aiid cameo, in which tlie topographie featu^^' 
express the rock texture and rock structure in a peculiarly eifecti-- 
maiiner. The ont(;rop of each seri<^s of soft rocks is recorded in a s 
tem of valleys; each great bed of liard rock (îaps a ridge, but noue 
tlie ridges lise above the levcl ()f the old peneplain, and ail the gréa 
ridgcs liave evon tops exprcssiiig that factor of their history. On t 
outward journey this belt is traversed from North Mountain to t 
Moiiongahela river; on the return J()uruoy it is entered at Scheu 
tady, but its features are masked by Pleistocene deposits. 

The Ai)îKilacliiaii foldingdiiniiiishes in iiitensity uorthwestward un 
tiiially the dips of the strata ar(^ ^^eiitle. Wherever a massive sai 
stone ai)pi'()a('h('s the lieiglit of the old peiiei)lain in the région 
gcntler fohls it has been i)rcscrved in tlie forin nf a high table, usua 

* FigiiiM's :i1m)v<* thr liiH" iftcr lo tillrs in Hihlioi^rajiliic list at (îud ot* (riiidc \\o 
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of volcanic origin, stand near the Ganadian boaudary. The underly- 
ing strata are chiefly Cretaceous and Tertiary, and in gênerai thèse 
hâve been reduced to au even surface. In a few districts, however, 
local causes hâve accelerated corrasion, causing the sculpture of shaly 
beds into the picturesque "Bad lands.'' On the outward journey the 
Great plains are traversed in North Dakota and the eastem half of 
Montana; on the return journey, from Denver to the Missouri river. 
The branch route to the Colorado canyon traverses the western edge of 
the plains from Denver to Las Vega«. 

The Cordilleran région includes the Rocky mountains, the Plateau 
région, the Great basin, the Bnake Hiver plain, the Sierra Nevada, 
and a number of more westerly divisions beyond the limits of the 
journey. 

The name Rocky mouutains is applied in Colorado and northern New 
Mexico to the complex mouutain chain lying between the Great plains 
and the Plateau région, and in Montana and northern Wyoming to the 
mountain chain between the Great plains on the east and the Siiake 
River plain on the west. In central Wyoming there is a di^continuity, 
the mountain chain being interrupted by an arm of the Plateau région 
known as the Laramie plain. The Rocky mountains of Colorado con- 
stitute the greatest mountain massof the United States, although a 
few peaks in the Sierra Nevada exceed them in height. Their principal 
uplift took place at a later date than that of the Appalachian Mountains, 
and they are far more rugged. The type of structure involves less of 
closely compressed folding, and faulting bas played a more prominent 
part in producing their présent relief. The nucleal rocks range from 
crystalline achists through the Paleozoie. Mesozoic strata api>ear about 
the flanks, sharing iu the ui)lift, and lacustrine beds of Ceuozoic date 
rise agaiust the bases on ail sides and are to be discovered in most of 
the mountain valleys. In varions places, and especially toward the 
south, there are great masses of volcanic rocks, and dikes abound in 
ail parts. The Rocky mountains of the northern group are of similar 
type, and also consist of lofty and rugged ranges. From thèse two 
masses flow the longest rivers of the country. The Mississippi-Mis- 
souri rises in the northern chain, receives many affluents from the 
Southern, and flows soutbward to the Gulf of Mexico. The length of 
its main line is 4,900 miles (7,080 km.). The Columbia, rising in the 
northern chain, reaches the Pacific Océan after flowing 1,400 miles 
(2,200 km.). The southern chain likewise sends the Rio Grande 2,000 
miles (3,200 km.) to the Gulf of Mexico, and is drained on the west by 
the tributaries of the Colorado, whose waters flow 1,300 miles (2,100 
km.) to the Gulf of California. On the outward journey the route lies 
along the mountains of the northern chain from Ciunabar to Pocatello; 
on the return journey it lies among the Rocky mountains of Colorado, 
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CLIMATIC FEATURES. 

Tlio entire route falls withiu tlie cliiuatic province of variable raius. 
In soiiie localities there is ordiuarily greater précipitation at some sea- 
sons tlian at others, bnt there is no district where at any season pré- 
cipitation is regular or continuons. Kainfall and snowfall are associated 
with cyclonic or other disturbances of atinospheric equilibriuni. Tlie 
températures are those normal to the temperate zone; excepton moun- 
taiiis and loftly plateaus, wheat and Indian («orn are grown and the 
apple is the leading fruit. 

The most conspicuous climatic contrasts are afforded by the local dif- 
férences in the annual amount of précipitation and in the annual and 
diurnal range of température. The outward route from Washington 
to Minneapolis, and the return route from the Missouri river to New 
York traverse a région of essentially the same climatic type. The 
annual température mean ranges from 40^ to 55^ F. (4^ to 13^ C), tlie 
précipitation ranges from 30 to 45 inches (90 to 135 cm.). The surface 
is normally timbered and deciduous trees prevail. Occasional patches 
of prairie interrupt the forest throughout, but they increase toward 
the west and finally predoininate. The whole cx)untry is fertile without 
irrigation. The annual range of température (the différence betwt^n 
the coldest month and the warmest) is about 50^ F. (27^ C). The lengtb 
of the summer suffîces for the growth of the leading food staples. 

Westward to the base of the Kocky mountains the rainfall gradually 
diminishes to lessthan 15 inches (45 cm.); trees disappear except along 
the water courses, where the cottonwood (Populus monilifera) liourislies, 
and they are rei)laced by grasses. Farther westward the grasses 
become scant, and are parti ally replac(*d by an open growth of low 
bushes. Farmiiig without irrigation becomes at first i)recarious and 
finally impossible, and graziiig supersedes agriculture as the leading 
industry. At the sanie time the annual température range increases 
to about 00^ F. (33^ ( '.), and the diurnal range is likewise greater, as 
the excursionists will readily diseover. 

Throughout the more westerly portion of the route, in the Kocky 
mountains, the Great basin, and the Plateau région, the most important 
local climatic condition is altitude, and the native floras and faunas are 
arranged in belts which follow contours, but thèse contours rnn some- 
what lower at the north than at the south. Précipitation varies with 
altitude, and teini)erature inversely with altitude. The plain of west- 
ern Utah, with an altitude of 4,500 feet (1,375 m.), has an annual tem- 
])erature of 75^ F. (24^ G.) and a rainfall of about 7 inches (21 cm.). 
Yellowstone Park, with au altitude of 0,500 feet (1,980 m.), has an 
ainuial température of 40^F. (4^ C.) and a précipitation of 20 inches (60 
cm.). At Lcadville, 10,i-*00 l'cet (3,101) ui.) above the sea, the annual 
température is 35^ F. (2^ G.) and the précipitation 13 inches (40 cm.). 
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THE APPALACHIAN REGION.» 
By G. H. Williams. 

The Urst day's ride of the excursion is well calculated to ^ve a clear 
idea of the character of that regular mountain belt which bounds the 
entire Korth American continent on its soatheast side. The gênerai 
type of Appalachian structure is well known to ail geologists, eitlier 
through the «îlassic work of the brothers Bogers,^ or from the summary 
of their results given by Dana and others. The railroad course to be 
folio wed during the first day trasrerses the entire belt from east to 
west aloug one of its narrowest, deepest, and most characteristic sec- 
tions, i. e., that which has been excavated by the Potomac River. 

The récent work of several geologists, but notably that of Mr. W J 
McGee,*'has clearly demonstrated the divisibility of the mountain and 
coastal portion of the eastern United States south of New York into 
three topographicaUy and geologically distinct provinces or zones. 
Together they embrace nearly the entire séquence of geological forma- 
tions, while at the same time the âge, petrographical character, and 
structure of each is widely différent from that of the others. 

The most récent, as well as the most easterly, of thèse three zones is 
called the Coastal plain. It varies greatly in width between New York 
and Florida, but is throughout composed of nearly unconsolidated 
Mesozoic and Tertiary strata (clays, sands, and gravels), which dip 
very geutly aeaward, and in tliis direction grow steadily younger. 
Over ail, however, is spread a capping of Pleistocene gravel (Columbia). 
The western edge of this Coastal plain may be regarded as approxi- 
mately coincident with a liue drawn from New York to Washington, 
and it is uot improbable that a flexure or fault, still in process of 
dovelopment along tliis line, séparâtes it from the crystalline région 
on the west." 

The iiext of the three provinces or zones in point of geological âge, 
although not the one geographically contiguous to the Coastal plain, is 
the Appalachian Mountain belt. Thèse two are separated by the third, 
and mucli the most ancient zone, composed of highly crystalline rocks, 
or semicrystalliue rocks, and known as the Piedmont plateau. 

The Aiypalaehian Mountain Belt embraces nearly the entire séquence 
of Paleozoic strata. In the section to be traversed during daylight, 

* A mort* exteiidod a<coiiut of tlu' Maryland section through the Appalachians 
accompanied l)y a geological iiiap of the strata in colore, has been published in the 
World 's Fair book '* Maryland," 1ÎS93, and rcissued by the Joh Ilopkius University 
Press as '*The (ieology and Physical Features of Maryland." 
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for the Coastal plaiu, if we imagine the direction of the drainage and 
position of the sea to be reversed, i. e., on the west instead of on the 
east. N 

At or near the end of the Carboniferous period, when the accumola- 
tions of sédiments must hâve transfortned the deep Appala^hian 
trough iiito shallow marshes or estuaries, the vast thickuess of strata 
were folded into the remarkably regular séries of wrinkles which give 
to this mountain range at présent its peculiar character. A cross-sec- 
tion of the Appalachians is nowhere symmetrical. On the contrary, 
it présents only one side or half of a symmetrical range, for it îs com- 
posed of anticlinal and synclinal folds, ail more or less overtumed 
toward the west and also becoming steadily more and more abrupt 
toward the east. Along the section eut through the Appalachians by 
the Potomac River for instance, which the Une of the railway follows 
very /îlosely, one finds on the west side, between Gûmberland and Graf- 
ton (in Garrett County, Md., and m West Virginia), only the low, 
iiat folds of upper Paleozoic strata inclosing the nearly horizontal 
coal beds. Further east thèse gently sloping basins are replaiîed b^ 
others whose sides are steeper and which also display older rocks, 
is then observed that each anticlinal has its western side more steejVI 
inclined than its eastern, and still farther east both sides may 
toward the océan so as to make the fold overturned. Last of ail, 
fold may become too sharp for the strength of the materials to stai 
when the flexiire becom(îs a thrust with the same gênerai dip and stri 
Tliis latter niay be seeii in tlio isolatod sandstone mountain, '' Sugarloa 
40 miles west of Washington. The i)erfeet regularity, with wh 
the folds become niore and more abrupt toward the east, is at so 
points interrupted. On this section it is notably the case at Cumli 
land and Haneoek, where a niucli shari)er fold than the surronndi 
structure would lead one to exp<»et discloses much lower horizons tli 
are to be seen in the adjoining ridges (see tlie two sections beyond, fi; 
5 and G). Xevertlieless, the regularity is so great as to hâve led 
good a geologist as Kogers to the idea tliat the wave-like folds of t 
Appalachian System Imd bcen actually prodnced by undulations iii 
flexible crust due to liori/ontal pulsations or waves in theeartirsliqii 
interior.'" 

Eruptive rocks in the gcntler folds of the Appalachian System a 
noticeably absent. Along this section tliey are only to be found at l 
in the eastern portion, where the folds Ixu'ome abrupt or are replace 
by faults aiul thrusts. Thus near Harpers Ferry and ^yeve^tou soic^ 
aucient dikes occur, and the Bine Itidge sandstone (Lower Cambriaii) 
underlain soniewhat farther noi th hy lari^ci masses of aucient quart 
l)orpliyries and rhy(>lites. More basic greenstoues also occur in tltz — - 
région.* 



* Ain. Jour. Sci.. :;<1 ^rrics. Vol. xi.n . Dec. 1892, p. 482. 
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foraiatious of tbiu great Piedmoiit belt, uiid tUeir equivaletita 
fartber uorth in Xew EDgland, bave, until recetitly, 
beoD usually classîfied as Arcbean. Ver; careful and 
detailcd niapping \a u»w, however, resnltiiig iu theîr 
sabdi vision, and in tbe identification of some as met- 
amoriiliic Pa1eozoi(; »trata, otIierB as foliated enipt- 
ives, -wbile stil! others belong really to tbe pre-Cam- 
brian âges (Algoiikian or Arcbean). It is to the 
dctniled study of tbis tield iu Maryland and northem 
Virginia tliat tbe attention of tbe writer bas of late 
years been direeted. Some of his more gênerai con- 
clnsions iu regard to tbe structure of the Picdmont 
])lateau bave been fommiinicated in a paper to the 
Geological Society of America." The more iin- 
jKirtaDt of tbese, as J'ar us tbey relate to tbe région 
to be passed over, may be sumniarized aa foUows: 

Tbe riedinont plateau is divisible into an castem 
bigbly crystalline and a western semicrystallinc 
[wrtiou. Tbe former consists of gneisses and holo- 
crjstalliiie mica-scliists, quartzites and marbles, con- 
taining an abundance of more or lésa dynaniically 
metamorpliosed emptive nias^ses. Ail of tbese rocks 
liave a prevailiug XSE. strike and a westerly dip. 
The western portion, ou the otber hand, is composed 
of partially motaïuorptiosod sedimentary etrata (serî- 
cite and clilorite scbists, oltrelite scfaist, phyllite and 
liuiot'totie) and is nearly fre«' froui ancieut emptives. 
Tbe strike of tln'sc rocks ronfonns to that of the 
eastern portion, but tbeir dips are prevailingly to 
tbe cast. In sjiite of appareut <:onforniity, and eveii 
indications of transitions bctween thèse two iiortioiis 
of tilt' l'iedmout rejrioii, thcy are separatcd by a 
great timebreak and uuconfonuity. 

The easterly dips on the west. and the westerly 
dii)S on the easi, together with the nearly vertical 
strata between, produce a radiating or fan structure^ 
and the axis of this fan is not coïncident with the 
l'ontait betwei-n the irystalline and semicrj'stallîne 
portions. The tbickness of either séries of rocks, as 
iudicate*l by tlieir pn-scnt dips, would be so vast 
tliiit one must assume that the eame beds are 
reiH'Utfd ovtT ami over agaiii by tightly compressed 
fol.is.uTlimsts. 
H-tiou , Vi'z. 4 inailt" aloug the line of railniiid t)etwet'n 
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Washington and Point of liocks will illustrate the gênerai character 
of the Piedmont plateau about the latitude of Washington. 

In the absence of ail paleontological data, it is impossible to assign 
a definite âge to either of thèse séries. In the light of what has been 
discovered elsewhere, however, it is not improbable that the western 
and semicrystalline areas represent the older Paleozoic horizons, meta- 
morphosed by more intense dynamic action than has affected them 
farther west, while the holocrystalline rocks on the east are a remuant 
of the pre-Cambrian continent, from which the Paleozoic sédiments were 
derived. 

The apparent conformity between the two régions may be explained 
by supposing that the highly crystalliue rocks also formed the floor 
apon which the now semicrystalline schists were deposited as sédi- 
ments. Thèse older rocks, ah'eady greatly altered and folded, under- 
went at the time of the Appalachian uplift one more final foldiug, 
which gave them their uow prevailing trend, and carried the overlying 
Paleozoic sédiments with them. This supposition is also in accord with 
the fact that several closed syucliuals of slate and semicrystalline 
8chists are found x>ii)ehed into the gneisses, far to the east of the main 
contact. 

451 GE 18 
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Un leaving Washington, the railway line at first paa 
over the nnconaolidated deposits of tlie Coastal plain. The lowesl 
tlieae is the Potomac aeries (of early Cretaceous or late Jarassic a^ 
consisting of coarse littoral conglomérâtes at the base, formed of w 
rounded pebbles of qaartzite. Above tbe conglomeratea are a sei 
of variegated clays, ofteD valaable for pottery, and sometimes conts 
ÎDg depositB of limonitt;. 

Terra Cotta. At this station are works where drain pipes, etc., 
made from tbe clays of the Potoina<; séries. 

Klrer Springs, on tbe northern boundary of tbe District of Goli 
bia. Tbe rock hère is a vcry granitoid, though mnch rotted, gne 
Itis not visible from the cars. The road tben passes over typical h< 
crystalline gneiss, with steep westerly dips, to 

Garrett Park, wbere thèse are cat by serpentine and a still la 
hornblende granité, fiUed with included fragmenta of the surroandi 
gneiss. 

Bockrille. a thriving town, recently much developed as a suburt 
résidence part of Washington. The division between tbe vrystall 
and semicrystalline portions of the Piedinnnt plateau passes just w 
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of li^r^. The rock near the station is a nearly vertical feldspathic 
gnef ^^^9 but just beyond the sericite schists are seen. 

Tti-îi^ place is directly north of the Great Falls of the Potomac, the 
8ourc3^ of Washington's water supply, near which the gold mines of 
Monfc,^"<i>inery Connty are situated. 

De J> w ood is where the schists are quite vertical, and where the axis 
of t±È.^ I^iedmont fan crosses the road (see section Fig. 4). 

GkuL^fcCb.^nrsburg. Hère are several lenses of serpentine in the schists; 

the IfcB^'fc'fccr are fally exposed in the deep ravine of Great Seneea Creek. 

Boyci.«. Hère a large mass of intrusive trap occurs, which is petro- 

grapl:^Î€3Silly identical with the Triassic dike of diabase jast west of it. 

The f^^^ç-^ of both is in ail probability the saine. 

IHc^^^^Kirson. The isolated mass of Siigarloaf Mountain, which has for 
soiae ^trî nie been visible, is now well seen on the right (north). It is an 
east di j>ping monocline of sandstone, divided into two parts by a lon- 
gitad-i xx$3i,l valley, and is probably due to a double thrust of the sandstone 
from ^1:^^ east. Near this point, also, a broad transgression of Triassic 
ted ssi^ndstone is entered, and a little beyond a great dike of diabase 
is eut; -fclirough. This latter traverses the whole State of Maryland 
from xiorth to south, and passes into Virginia. Its hardness makes it 
atopographical feature, which is knownin the neighborhood as '*Iron- 
stone Itidge.'' A mile or so farther, the Monocacy River is crossed by 
a bigla l>ridge; a short break in the red sandstone exposes the shales 
ami l>lTie limestone of Frederick Valley (Hudson and Trenton), which 
at thtt railroad are mostly covered by allnvium deposited by the Poto- 
mac River, which is hère for the tirst time approached. 

-^t Xuflcarora red sandstone appears again and continues to Wash- 

"'fi»^^**^. Jxmotion. For a mile or more before reaching the latter station 

f ^ï>per member of the Trias is well exposed along the line of the 

rauro^^^ This is a coarse conglomerate of rounded, or sometimes angu- 

r ^ucl broken, pebbles of variegated Paleozoic limestone, embedded 

'^ ^^^ argillaceous matrix. It is a striking rock and enjoys quite a 

bl >> ^^lebrity as a décorative stone. It is known as "Potomac Mar- 

^ ^^"Oalico Rock," and is the material from which tbe great col- 

7^^ în the rotunda of the Capitol at Washington were made. 

^^ ^ tiliis point (Waahing^n Jonction) connection is made for the city 

qI* **^>clerick, some 15 miles to the north, which occupies the center 

g^ ^ l>road, fertile limestone valley. Before reaching this place, how- 

p > 'tïie main line of the Baltimore and Ohio railroad diverges and 

^jjT^^^^s a course down the Patapsco River direct to Baltimore. Near 

jji^^^oînt of divergence, on the Monocacy River, 12 miles NE. of Wash- 

^^v'^ Jonction, an important battle of the war was fought in 1864, 

g^^^ ^He northern extension of the saine valley in Pennsylvauia was the 

^ of the great battle of Gettysburg. 



276 GEOLOGICAL EXCURSION TO THE ROCKY M0UNTAIN8. 

Pomt of Bocks, a short distance beyoïul Washin^^n Jonction, mai 
the entrance of the Appalacbian Moiiutain belt proi)er. The ni 
hère ciits through a high ridge capi>ed by a monocliue of Cambrian sai 
Htone, kuowii as Catoctin Mountain. This ruiis nearly due north a 
forms the western boundary of the Frederick Valley. The road pasi 
for 8 miles across a valley of slate, drained by Catoctin Creek, a 
called, from its principal town on the Maryland side of the riA' 
the Middletown Valley. It then intersects another abrupt ridge nea: 
parallel to Catoctin Mountain at 

Weverton. This is the iunction for a branch road northward 
Hagerstown, one of the largest cities of Maryland. The road n< 
crosses a slight dépression occupied by crystalline rocks (granite-gne 
with some basic dikes) and soon reaches 

Harpcrs Ferry, a place which, both geologically and historically. 
of more than usual interest. From the railway bridge over the Po 
mjic may be seen ou the right (north) a lofty ridge of contorted sai 
stone with underlying shales and slates, known as Maryland Ileigh 
Upon the opi)Osite side of the river rises the continuati<m of this rid 
in Virginia, known as Loudoun Heights. The course of the Potomac 
for some distance above this point nearly south, and hère itisjoined 
one of its most important tributaries, the Shenandoah River. In t 
triangular space between thèse two streanis lies the town of Harpe 
Ferry, which, firom its surroundings, possesses great stratégie imp( 

tance. 

The two ridges eut througli at Weverton and Harpers Ferry W( 

illustrate a cbaracteristic featurc in Api)ala(hian topography. T 
former originates a short distance south of the river and continues i 
ivurse aeross Maryhind as the ''Bhuî Ridge/' and, aft^^r its Jnncti« 
with the Catoctin Mountain, as '^South Mcmntain," in Tennsylvani 
The HarjMTS Ferry élévation, on the other hand, soon dies ont towa 
tho north, but continues its course hnndredsof miles southward, acro 
Vuxiuirt and North Carolina, as the ^*Blue Ridge." Thus, near tl 
l^^onuu^ one important fohl (lies ont and is continued by another, 
(.^AWi^M^ or offset somewhat to one side, as is a fre(juent oecurren 
.uttouc the li>ng parallel ridges of the Appalachian System. 

rhv ittndogy at Harpers Ferry is eoniplex, and lias given rise in fo 
•iKH* tiuuvi \o différent interprétations l)y différent investigators. 1 
ÎK* Mk^^^t aiv the contorted layers of tlie bine A'alley liniestone. kno\s 
•i\Kii Its tVvîsils to be of Trenton-Chazy âge (II). On the east 

iK'cit.*^-*»^^*^^**^****'^^^^^*^^^^^^"^^^'^"^' ''^"^'^^'^'^^'^ ^ thiek massof sbal» 

*uN?s *nd the contorted sandstones seen in the front faeeof Maryla 
.» ,;^.^ >^hieh NValeott has reeently shown to be Lower Camhris 
» •wi* 'oIlo>*^ toward the east, oerupying the si)aeo between liere 
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Oriskany sandstone. Beyond Keyser the road crosses the Potomao 
into West Yirgiuia, and fine exx)osares of Hamiltoii shales are seen in 
tbe cnts. The road now bends to the northwest and crosses, at right 
angles to the strike, steeply dippiug beds of the Devonian and of the 
Carbonîferons np to the Coal Measnres, a thickness of about 13,000 feet 
(4,000 m.) of rock strata. 



PROM CUMBERLAND (MD.)TO THE OHIO RIVER. 

By I. C. Whitk. 

The area across which tbe Baltimore and Obio Bailroad passes from 
Cnniberland westward to the Ohio River includes ail of the Alleghauy 
Mountain country proper, and also about three-fifths of the breadth 
of the great Appalachian coal iield, the eastern line of which is found 
only five miles northwest from Cumberland, and the western margin 
of the same near Newark, Ohio. The air-line distance across the 
Appalachian field along the line of the Baltimore and Ohio Bailroad 
is about 164 miles, but the distance by rail between Cumberland and 
Newark, the two margins of this coal field, is 315 miles. 

Ci 

Fio. 7— Section acroM the Alleghany Mountain» to the Ohio River. 
15 Permian. 14* Upper Coal Me aHurca. l**» Lower Coal Measurea. 14* Millatono grit. 13* Monn- 
tain limeatone and Mauoh Chnnk shaleH. 13» Pocono Sandstone. 12 Cutakill. 11 Chemung. 

As shown by the above illustration of the geological structure, the 
rocks of the Alleghany Mountain country are crumpled up into a séries 
of large folds, and thèse, together with the great érosion to which the 
région has been subjected, hâve produced the wild and rugged scenery 
between Piedmont and Rowlesburg. 

The Pottsville Conglomerate (XII), and the Pocono sandstone (X) 
are the mountain-makers of the Alleghanies, while the great anticlinal 
ridge (Wills Creek Mountain), tlirough which the Baltimore and Ohio 
Bailroad leaves Cumberland for P.ittsburg, is made by the White Médina 
sandstone (IV) at the base of the Upper Silurian. 

Westward from the Alleghanies proper the folds in the strata 
become gradually more gentle, and finally die away, before reaching 
the Ohio River, into low undulations of the beds, which are so insignifi- 
cant as to be almost imi)erceptible to the eye. 

The great arches already referred to bring up the lowest rocks of the 
région in the vicinity of Cumberland, so that from there westward we 
pass upward through the geological scale from the middle of the Médina 
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séries in tlie Wills Creek gap at Cumberland to the Bumniit of the 
Perino-Carboniferous, or Permian, beds in the middle of the great 
plateau between the Monongahela and Ohio rivers. 

The character of thèse several terranes and their thicknesses, etc., 
along this Une, will now be briefly described in ascending order. 

Médina séries (IV of Rogers, base of Upper Silurian), thickness 2,055 
feet. 

Feet. 

(a) Oneida Conglomerate 355 

(b) Red Médina 1.200 

(c) White Médina 500 

The thickness of the Red Médina and the Oneida beds in the above 
measurement is based upon data obtained from a deep boring in Wills 
Oieek gap, one mile east from Cumberland. The well starts 790 feet 
above the base of the Red Médina, pénétrâtes the Hudson River dark 
shales at 1,145, and stops in them at 2,010, probably about 1,000 feet 
from the top of the Trenton limestone. 

The White Médina is linely exposed in the great arch of Wills 
Creek Mountain, where its top rises to 1,300 feet, almost vertically, 
above the bottom of the gorge through which Wills Creek finds an exit 
to the North Potomac River at Cumberland. 

This great ariîh dies rapidly away to the northwest and the Médina 
passes below the surface where the North Potomac passes across its 
trend 15 miles Southwest from Cnmberland, but 10 miles farther 
Southwest the arch swells up again, and the Médina coming above the 
surface makes the summit of New Creek Mountain. This rock is the 
great mountain-maker of the Appalaciiian belt east from the Allegba- 
nies and west from the Blue Ridge, and on account of its hardness is 
highly valued for ballastiug railroad tracks. 

Clintan séries, ( V) thickness 721 feet. 

Feet. 

(a) Lower olive shales 100 

(b) Iron sandHtone 20 

(c) Middle shales and limy beds 300 

(d) FoHsil iron ore 1 

(e) Upper limestones and shales 300 

The Niagara limestone proper has never been differentiated from the 
great niass of limy shales and impure limestones which occur in the 
interval between the Salina séries and the Médina sandstone, any- 
where along the Appalachian System. It is possibly absent, but until 
the riclily fossiliferous beds which are hère grouped under the Clinton 
are thoroughly studied, no one can say positively that the Niagara 
limestone of the New York columu is not represented in the séries of 
rocks giveu above and ail classed as Clinton. 

This séries is beautifully exposed at Cumberland, along the Pennsyl- 
vania Railroad, uear the soutliern entrance to Wills Creek Gap. The 



282 GEOLOGICAL KXCURSION TO TUE ROCKY MOUNTAINS. 

tbis from tlie uaual bieadth iif tli« vjilleys, aud ili]) oï tbe harti rocli iutari 
above (Portage) aud below (OdskaQy), if no rolla aro présent, the^^si 
entire tliickiiesa of tlie Uainiltoa rocks, incladiag Marcellaa, HLimilton ^^ 
proper, and Genesee, in tbe région of Cumberland and Key ht, eau not^iA'i 
be leas thau 3,000 feet. 1 

Chemung Séries, ( VIIT). Total tliickness 5,000 feet. 

The Portage bcAs coD»ist of olive gray Kliales and tlaggy layers, spar— -^a 
iiigly fosBiliferous ; thickiiess probably abotit 1,000 feet, 

The Chemung bedt consist of olive ahalea, llaggy sandstones, and on^»' m 
niasBiveconglouierate(Allegrippua)near tlie top; thickness about 2,50t»4 
feet. 

The CatHkUl beds are a séries of reddiali sbales, green and rod sand-^Eu 
stones, witb congltimerate layera in lower baif; tbickueKH 1,500 feet»-3- 

The Cbemung" roekt* liave a fine development along the line of th _^ti 
Baltimore and Obio Hailroad, eiist as well as west trora Comberland. 

West &om Cumberland tbe tirât expoaure of tbe^e beda ia abont tw — ^^ 
miles we«t from Keyser, wbere tbe Chemung proper is fairly we"^^ 
exposed, dippiiig down nnder ttie great trougb of tbe Cumberland co£^^ 
basin. Then follow tbe red sbales and saudslonea of tli© GatskiJl, bw^;:^ 
the latter reapi>oar along tlie Savage Eiver aft«r tbe raiiroad bi^ m 
crosaed tlie Potoma« <^oal baaiu aud begiua tlie long climb up lli^'^~ 
" 17-mile " grade to the sunimit of the Allegbany Monittains at Alt^ '• 
mont The Catskill beds are covered up by the Pocono (Lower Ca^r ^^* 
boniferoua) saudstoues in tbe Rumniit ont at Altamont, but reappi 
juat west from it and exteiid along tbe fialtimore and Obio to Seer Par 
aud a mile beyond, whcre tbo Negro Mountain autitlinal, wliich crotise 
tbe Baltimore and OIdo at Honntain Lake Park, 3 miles west of I 
Park, brings iip tbe Koft sbales and conglomérâtes of tlie Chemun^ 
proper. Then theae beds turn over and desL-eud uuder the Tonghicza 
gbeny River coal basiu. to be brought to the aurface again ou i 
of auotber great arcb at Terra Alta, aud are constantly in sigbt fronz*^ 
tliere down tbe weateru slope of tbe Allegbanles to Cheat Eiver, j^"^^ 
Bowlesbuig, ami two miles beyond, where tbe red CatskUl beds i»as^^^ 
under water level, to be seen no more t« the west. 

Pocono sandstone {X), Lower Carboniferoug. 

ThiokneBS near Piedraont abuut I,Ot*^C^ 

ThickneBs on Cheat Rivei, neiirRonleHbnrg 6^^^S 

ThîckneHBat Mannington 4»^i^^ 

A séries of bard, gray, current-bedded sandstones, asually of rath»-—^-' 
fine grain, but occasionally containing liât pebble conglomérâtes, int^^a^ 

'The tenu Chemang as beio nsed iticlmles tbe tbree opocbs of Portage, Chemn^^Bra j 
and Catskill, as pToposeil by Dr. Jno. J. Stevenson in his vice-prasidential add^^ — ^s** 
before Section E, at tbe Washington meeting of tbe "A. A. A. S.," Auguat 1891. 
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road it thickeiis preatly, attaiuing 900 feet in Eaudolph and Pocahon- 
tas counties, W, Va., 1,100 feet in Greenbrier County, aud on New 
River, in Summers County, a deep boring, 12 miles above Hinton, 
linds it 1,415 feet thick. 

The Mauch Chunk Ked Shale division of No. XI consista of bright 
red shales, impare limestones, and massive, green sandstones, and fre- 
qiiently contains iron ore near the top in irregular layers and nnggets. 
Tbe thicknes-s of tbis séries on tbe Baltimore & Ohio near Piedmont is 
850 feet, but on Cheat river, near Rowlesbnrg, it is reduced to only half 
tbat amouut, or 440 feet, wbile westward from tbis latter locality tbe 
Maucb Cbunk continues to dwindle in tbickness, being only 140 feet in 
tbe oil borings at Mannington, and probably not more tban half of tbis 
at Bellaire on tbe Obio river, wbile furtber iiortbwest in Obio it seems 
to disappear completely. 

Tbese beds are quite variable in tbickness aloug tbe Appalacbian 
Mountain région, being 3,000 feet at Maucb Cbunk, Pa., aud about 
2,500 in Greenbrier county, West Virginia, Like ail of tbe Paleozoic 
deposits, tbey attain tbeir maximum tbickness to tbe east, and dimin- 
isb rapidly westward. Tbe flora of tbese beds seems to be more closely 
related to tbat of tbe Catskill below tban to tbat of tbe Coal Meas- 
ures above. 

The Pottsville Conglomérâtes MilUtone Grit, etc. (X/7)."' — Tbe basai 
member of tbe Coal Measures, rests unconformably (not in dip but by 
érosion) upon tbe underlying Lower Carboniferous beds, and consîsts 
of wliite, bard, aud often eonglomeritic sandstones, iuterstratified witb 
dark sbales wliicb contaiu coal beds (New River séries), tbin and iusig- 
niticant along tbe Baltimore & Obio Railroad and elsewbere to tbe 
northeast, but tbickening up to tbe soutbwest, and becoming tbe famous 
cokin^r and fuel coals of New River, West Virginia, and tbe Poeabontas 
région of Virginia and West Virginia. 

Tbe Si\n(lroi*ks of tbis séries, being composed of nearly pure quartz 
grains and tberefore almost indestructible by atmospberic agencies, 
bave played a very important part in forming tbe wild scenerj' along 
tbe Allegbanies; m fact, tbis séries conspires witb tbe Pocono beds 
below to make tbe Allegbanies, tbe Pottsville beds topping ont tbe 
bigbest summits, like Eagle Rock near Deer Park, on tbe ''backbone'' 
of tbe AUgebanies (3.350 feet). The wild scenerj" wbere tbe Baltimore 
and Ohio passes ont of tbe Cheat river canyon, west from Rowlesborg, 
is niado principally by thèse beds. Whei-ever thèse rocks come lo tbe 
surfare, they forni ••nn-k cities," waterfalls, canyons, niountiiins, and a 
ruggtHl, pictiiresqui' country generally. Tbe séries varies greatly in 
tbickness, as will 1h* seen bv the l'ollowinjî: 
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Thickness on the B. and O. R. R. : Feet. 

îi ear Pieduiout 473 

NrarOakIand 700 

Ne.\r Rowlesburg 362 

At M anuington 255 

At r^llaire 200 

Thicknesiat Pott8ville,Pa 1,000 

Thickness on New river, W. Va 1, 400 

Lower Coal Mea^ures^ Alleghany River Séries {XIIl)}^ — The next 
higher sei les of rocks, called the AUeghauy Eiver Coal Séries, con tains 
the greate * portion of the coal in the Appalachian field. Thèse nie^is- 
ures consit t of alternate beds of coal, shale, limestone, and sandstone, 
and where the Baltimore and Ohio E^ilroad first crosses them at Pied- 
mont, Wesi. Virginia, hâve a total thickness of 308 feet; 310 feet near 
Kowlesbnri ; 225 feet in thedeep shaft at Newbnrg; 262 feet at Nuzam's, 
10 miles w )st of Orafton; and 220 feet at the Ohio river near Bellaire. 

In Penn iylvania this séries has a thickness of 200 to 370 feet, while 
in Ohio th»^ same séries varies between 175 and 250 feet. In northern 
West Virgi nia thèse measures are 200 to 300 feet thick, but they thicken 
rapidly to -he Southwest, and on the Big Kanawha, at Powellton, are 
1,000 feet, :md maintain tbat southwest from there to the Tug river in 
Logan coaiity. 

The print ipal coal beds of this séries are the foUowing in ascending 
order: 

(1) Clarii'n. {2) Lower Kittanning. (3) Middle Kittanning. (4) 
Upper Kittcnning. (5) Lower Freeport, (6) Upper Freeport, 

The Bamit Measures, Elk River Séries (XI V), — The Barren Measures 
occupy the nterval between the Upper Freeport coal and the next 
great coal btnl about 600 feet above, viz, the Pittsburg seam. This Elk 
River Séries contains several (5) coal beds, but the most of them are too 
thin and impure to be commercially valuable, with the exception of the 
two lower on )s (Mahoniiig aud Masontowii). The rocks consist of mas- 
sive sandstojieSy red shales, and thin limestones. Marine fossils occur 
for the last iime about the middle of this séries at the horizon of the 
Oriiioidal liDiestone, since above that stratum nothing but brackish or 
fresh water forms are found. Thèse beds fumish valuable building 
stone (Mahooing, Morgantowii, and Connellsville sandstones), and make 
a great band of red soils from western Pennsylvania clear across West 
Virginia into Kentucky, and back arouud through southern Ohio to 
western Peni sylvania. 

This séries is, in the hills at Piedmont, about 500 feet thick. Where 
next found on the Baltimore and Ohio Bailroad, at Newbnrg, thèse 
rocks are 650 feet thick, and the railroad runs in them from there to 
Fairmont, exc^^pt for a short distance on the crowu of the Chestnut 
Bidge axis, IC miles west of Orafton. 
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The fauna of this séries belongs to extrême Ui)i)er Carboiiiferous 
types, aiid some forms are closely related to Perniian species, while tbe 
flora above tbe luiddle of tbe séries is also of Peniiian aspect. 

Feet. 

Maximum thicknes8 (ou tlio Great Kauawha in West Virginia) 800 

Minimum (in Oliio) 4<X) 

Average thickneHs 600 

The Upper Coal Meastires^ Monongahela River Seriez (A'I"). — Tbese 
beds crown tbe suinmit of tbe moiintain in tbe bottom of tbe syncline 
at Piedmont, tbe principal coal (tbe Pittsburg) beiug known tbere as 
tbe "Big" bed, since along George's Creek, between Piedmont and 
Frostburg, it is often 20 feet tbick, and is niined and sbipped under tbe 
name of Cumberland coal. Tbis great bed of valuable fuel is tbe basai 
member of tbe Upper Coal Measures, and is tbe most important stratuni 
in tbe Appalacbian field. It is tbe celebrated Connellsville coking coal, 
tbe Westmoreland and Penn gas coal, tbe sbipping coal ail along tbe 
Monongabela River, and extends under a vast area between tbat stream 
and tbe Obio River. 

A small remuant of it is found in tbe summits of tbe bills at Newbnrg, 
and tbe Baltimore and Obio Railroad does not cross its outcrop again 
until we corne to tbe town of Fairmont, wbere, at Monongab, Gaston, 
Montana, and West Féiii^mont, it is extensively mined for coking, gas, 
and gênerai fuel puriw^es. 

Westward from Fairmont it dips down below water level, being 400 
feet below tbe valley at Mannington and 800 feet at Board Tree, wbere 
it is 1,500 feet under tbe bigbest summits. Rising westward froui tbe 
center of tbe great Appalacbian trougb at Board Tree, it cornes to tbe 
surface again at Bellaire and furnisbes valuable fuel for tbat city and 
Wheeling. 

Tbe rocks above tbe Pittsburg coal in Pennsylvania, nortbern West 
Virginia, and Oliio are mostly limestones and calcareous sbales, witli 
some sandstone, and four otber coal beds, viz, in ascending order: 

RedMonv, Scwivkleii. Uniovtoîcn. Wayncsbiirg; tbis last toppiiig 
ont tbe séries. 

Soutbwestward througli West Virginia and soutbern Obio, tbe linie- 
stones are repla<;e<l by red sbales and tbe last four coals practically 
disappear, wbile mucli massive sandstone comes into tbe column. 

This séries bas au average tliickness of 3(>0 feet along tbe Mononga- 
bela river, but it tbins to l'oO feet in Obio and tbickens to 413 feet in 
tbe central portion of the Appalacbian trougb. 

The Permian^ Dunkard CrcrJ: Séries (XVI). — Tliis séries of beds tops 
ont tbe CarbonifiTous svvstem in tbe Ai)[)ala('bian field, and bas its 
greatest developnieiit along tbe J>altiniorc and Oliio Railroad between 



1 



CUMBERLAND TO THE OHIO RIVER. 



287 



the MouoDgahela and Ohio rivers. The séries begins with the rooï 
shales of the Waj^^nesburg coal, aud includes ail of the beds above, 
abont 1,100 feet in ail. It consists of massive sandstones, red and 
variegated shales, with thin limestoues and impure, mostly worthless, 
coal beds. 

The fauna has never been studied, but appears tp be of fresh-water 
origin, and is largely composed of bivalve crustaceans, while the flora 
has a distinctly Permian faciès, coutaining Oallipteris conferta^ Sapor- 
Uea, TœniopteriSy Baiera^ and other Permian types, while the species 
that resemble Coal Measure forms also occur in the Wichita, or undis- 
puted Permiau of Texas, so that the évidence is now complète that this 
Dunkard Creek séries, formerly called PermoCarbouiferous, is the 
American équivalent of the Eurox)ean Permian. 

Tabulât view of ihe geology between Cumberland and ihe Ohio Hiver, 
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Tabular riew of the geology between Cumberlatid and ihe Ohio River — CoutÎDued. 
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Elk River séries; Pittsburgooal inbill-top: 
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Pottsville to Elk River séries. 
Elk River séries (Xo. XTV). 

Do. 
Upper Coal Measures. 
Waynesburg coal. 150 feet above track; 

Pittsburg coal, 230 feet below track. 
Base nf Permian: PittMbnrg C4>al. 400 feet 
below Valley ; oil field bere in Pocono 8. 
S.. 1.800 feet below valley. 
Permian. 

Permian. 900 feet above Pittsburg coal. 
Permian. 

Permian. 700 feet above Pittsbnrg coal. 
Permian. 
Permian; oenter of Appalachian trouKh; 

1,100 feet Permian beds. 
Permian. 

Permian : Belton coal groop. 
Permian 



32U Permian; natnral gas bere in Gordon oil 

sand. 2.700 feet below valley. 
'294 Permian. 
236 Do. 

195 Upper Coal Measnres, Pittsburg bed, 125 

feet below track level. 
197 Pittsburg coal at track level. 
2iX> Do. 

197 Pittsburg cval 60 feet above track level. 



FROM THE OHIO TO THE MISSISSIPPI RIVER. 

GENERAL SKETCH. 
By G. K. Gilbert. 

This is for the most part an area of Paleozoic strata lying nearly hori- 
7X)utal. The Coal Measures coiistitute tlie uiiderlyiiig rocks froui Bell- 
aire on the Ohio River to Newark, Ohio. Tlie lower members of 4he 
Oarboniferoas constitat^ the underlying beds from Newark to a point 
jast west of Chicago Jonction, Ohio. From this point to Tiffin, Ohio, 
the Devonian rocks underlie. From TiflBn to a point west of New 
Baltimore the région is undedain by UpperSilurian rocks. From New 
Baltimore, Ohio, to a point west of Union Mills, Ind., the Devo- 
nian rocks again constitute the substructure; and from the last-named 
point to Watertown, Wis., the Upper Silurian terrane underlies the 
drifL From Watertown, Wis., for a few miles the Lower Silurian 
rocks come to the sm*face, except where concealed by drift-, and thence 
to La Crosse the Cambrian rocks ap])ear. The disturbance of thèse 
strata throughout the région of the route is so slight that it nowhere 
expresses itself in well-marked surface features. 

The greater part of the route is through a région overspread with 
glacial drift, the southern part of the great North American glaciated 
area. From near Newark, Ohio, to Kilbourn City, Wis., the older for- 
mations are generally. concealed by the drift deposits. The surface 
features by which this région is characterized and by which it is dis- 
tinguished from the territory south of the limit of ghiciation include 
an imperfect drainage System abundant in lakes, lakelets, ponds and 
marsh meadows, and the replacement of the topographie forms de- 
veloped by subaerial érosion by the less regular but equally character- 
istic forms of glacial deposit. 

The layer of drift ranges from a few feet to several hundred feet in 
thickness, and its most important élément is till or boulder-clay. It is 
exhibited in a gênerai sheet of ground moraine, traversed by relatively 
thick bands of the nature ot terminal moraines. The moraines are 
nsaaUy several miles broad and their ensemble is not commanded by 
the tourist, who is able only to observe changes in the topograj)hic 
eharacter of the country as he enters and leaves their belts. The sur- 
faces of terminal and ground moraines are alike undulatory, but the 
slopes of the terminal moraines are relatively steep. Hillocks, often 
somewhat elongated, alternate rapidly with hollows for the most part 
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undrained. The more elongate hllls of the terminal moraines are apt 
to lie parallel to the course of the moraine; the hills of the ground 
moraine usually trend parallel to the direction of ice moveinent. Asso. 
ciated with the terminal moraines are many hillocks and abrupt ridges 
of water-worn and assorted gravel and sand, and sometimes thèse water- 
wrought materials sheathe parts of the moraine where its core is of 
boulder-clay. 

In low and level tracts the till proper is frequently covered with sand 
or silt. Many such deposits were made in t^mporary lakes, accumu- 
latâd between the ice on the one hand and a terminal moraine or higher 
land on the other. Many such temporary lakes accompanied the réces- 
sion df the ice sheet, and haveleft small lacustrine plains to mark their 
former existence. Lacustrine plains of much greater extent, but due 
to the same causes, lie in the basins of the Great Lakes, and are trav- 
ersed by the train in western Ohio and in the neighborhood of Chicago. 

The moraine, first fully and accurately described in America, aud 
which received the désignation "kettle moraine,''" delimits a phase 
of the great ice sheet in which its margin was divided into lobes, each 
one a large glacier. Between Newark and Kilbourn City the route 
crosses the area overspread by the Scioto, the Maumee, the Saginaw 
Bay, the Lake Michigan, and the Green Bay lobes. 

At Kilbourn City, Wis., the Une of travel leaves ghi>ciated territory 
and enters the driftless area^ of the Upper Mississippi Basin. Thence 
to La Crosse the topography and the constitution of the surface 
material stand in sharp contrast to the correspouding features of the 
région farther east. Rock exposures, which hâve been rave eastward, 
and altogether wanting over considérable areas, are hcre of almost 
constant occurrence wherever the surface lias any considérable relief. 
Frequently, too, butte-like hills or fantastically carved, castellated 
towersof saudstone give some indications of t\n^ extent of the subaerial 
érosion the région has suifered. From the présence of thèse bold 
eniinences within the driftless area, rising 200 or 300 feet above the 
more or less completely base-leveled plain on which they rest, and from 
their absence in the area covered by ice, instructive infereuces may be 
drawn as to the work eflfected by the ice in the country over which it 
passed. Before La Crosse is rea(;hed, the bluffs in the immédiate vicin- 
ity of the Mississippi arecapped with a thin sheet of loess, but tliis does 
not attain great thickiiess east of the Mississippi river in this latitude. 
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There are many horizons of limestone in thèse two divisions of the 
Coal Measures. The limestones are of fresh-water origin in the main, 
are readily solable in atmospheric waters, and give rise by their decay 
to soils of unusual fertility. It tfaus happens that the hills of this por- 
tion of the State rank as high in agricultural wealth as the plains and 
valley s of the western half of the State. Some of the limestones of this 
séries yield natnral hydraulic céments of fair quality. 

In the vicinity of BamesviUe*'^ the highest rocks of the Ohio scale 
are fouud. They hâve been proved by Fontaine and White, by means 
of their flora,^ to bave a Permian aspect, but having much in common 
with the underlying division they are generally recognized as a transi- 
tion séries underthe name Permo-Carboniferous. 

At Cambridge the raiiroad reaches the nppermost seam of the Lower 
Ooal Measures of the State, the Upper Freeport Seam. A coal field 
of great importance begins at this point and extends for many miles to 
the southward and southeastward. Within the limita of this field the 
deepest-lying coal of the State is likely to be found. The seam has 
been followed by the drill to a depth of at least 500 feet (152 m.) below 
the valley levels to the southeastward. This coal has an excellent 
réputation as a steam coal. It has a maximum thickness of 7 feet, bat| 
morethan any other Ohio coal, it is liable to disastrous "wants" or 
'^cutouts,'' due to its invasion by the great Mahoning sandstone, which 
is the next higher élément in the normal section. A low anticline 
traverses the séries near Cambridge which has proved effective in the 
accumulation of gas aiul oil to a siiiall extent. The réservoir rock is 
the Berea grit, which liere lies about 1,000 feet (304 m.) below the sur- 
face. A very important oil field is found at Macksbnrg, 30 miles (48 
km.) south of Cambridge. 

At Zanesville ^" *"^' two of the most important coal seams of the lower 
measures, the Lower and Middle Kittanniiig seams, are extensively 
mined. They uiiderlie nnicli of the town and are well developed in the 
surrounding country. A score of miles to the south westward they con- 
stitute the llocking Valley coal field which is now prodncing 5,000,000 
tons annually and which is decdcdly the most important coal field of 
the State. 

Fire clays and shales are found associated with the coal seams in 
large amounts. They are proviug far more valuable than the coals 
themselves, constituting as they do an excellent basis for the manu- 
facture of building brick of ail (jualities, of paving brick (vitrified), of 
earthenware, and finally of encaustic tilos of the finest quality. The 
American Tile Works established hère are the largest of their kiud in 
the world, employiug a thousand men and turnisliing a product that 
corai)etessuccessfully in the New York markets with the best grades of 
imported floor and ornainental tiles. Zanesville is the most important 
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I>er dieiii, wlieii tirst drilled. One well recently finished is eveii said to 
rival tbe great fouiitaiim of Baku. 

^loomdale. Tbis village is iii tlie center of the original dry gas terri- 
tory. Tbe gas rock is struck at 1,005 feet (320 m.) below tbe surface, 
or 310 feet (93 m.) below tide. Tbe wells in tbis immédiate iieigbbor- 
bood yielded, wben tbe field wiis fresb, between 3,000,000 and 4,000,000 
cnbic feet (80,000 to 100,000 eu. m.) per diem. Tbe original pressure 
was 440 ponnds to tbe square ineb (20.3 atmospberes). Tbe largest gas 
wells of tbe lield bave ])rodueed not less tban 30,000,O^K) cubic feet 
(800,000 m.) in twenty-four bours, but sucb flows are sbort liveil. 
Wells of tbis cbaracter are invariably overtaken by oil or sait water 
witbin a few days or weeks, if allowed to llow unreatrained. 

North Baltimore.^^^ On tbe east side of tbe town dry gas was origi- 
nally found, but on tbe west side a great oil field bas recently been 
developed. llundreds of derricks can be seen from tbe cars. In tbe 
oil wells tbe Trenton liniestone is struck at 1,190 feet (3C0 m.) below tbë 
snrface, or 450 feet (145 ni.) below tide. Tbree miles furtber west, tbe 
Trenton limestone sinks to 500 feet (150 m.) and more below tide and 
sait water occupies it everywbere, excejit in narrow ridges tbat are 
sonietimes found in wbicb a little gas or oil is contained. 

Tbese towns of tbe oil région ail stand upon lacustrine dei>osits 
belonging to tbe period of tbe melting of tbe great ice sbeet (Cbam- 
plain). Wben tbe ice front occupicd a ])osition iu tbe basin of Lake 
Erie a large body of water was beld between it and tbe uplands to tbe 
soutb and west. At first tbis lake found outlet westward to Fort 
Wayne, lnd.,l)ut afterwaids as tbe ice r(»treatc(l furtber, otbcr avenues 
of esca])e wcre ()i)ened and tbe water levcl fell, rccording its ])osition at 
différent borizons by beacbes. A bcacli Une is crossed at Fostoria and 
anotber near Défiance, and still anotln^r near HicksviUe. Tbese old 
beacbes, composcd as tbey are largcly of sand and limestone gravel, 
give rise to ligbt and warni soils aiul sonietimes to soils of extrême 
fertility. 

Défiance.'"^' Tbe Devonian black sliale is found on tbe western 
slope of tbe arcli at tbis point, tliougb generally conc>ealed under beavy 
beds of bonlder clay. Tbi» eastern out<îro]Ks of tbe sbale were left at 
Chicago Junction. Tbe drift beds seldom fall below 100 feet (.'^0 m.) in 
tbickness in tbis portion of tbe State, excei)t in tbe river valleys, and 
tbey often risr to L'OO ai.d 300 feet («0 and 00 m.) in tbickness. One 
section to tbe soutliward sbowed 530 feet (lOO m.) of drift witbout 
reacbing b(»tt<»m. 

pjctween HicksviUe, Obio, and St. Joe, Iiid.,-* a narrow moraine line 
is erossed. 

At Concord is a niorainic linr, ixTbaps to be regarded as a ])art ofc:' 
tbat Just rast of St. Joe, separated from it by tbe valley of tbe St. 
Josepbs Kiver. 
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Anbiini the drill bas revealed tlie présence of a slight fold iu tlie 

^ lying Treiitoii limestome, suffieieut for tbe aeeiimulation of gas 

il to a small extent. Despite tlie mouotonous aspect of the pres- 

lift-covered surfaee, the uDderlyiug rocks bave recently beeu found 

more bn>ken by small folds and fractures than any otber parts of 

o stàtes included in tbis review. Four or more wells, more than 

feet (610 m.) in deptb, bave beeu drilled witbin the limits of 

Tbe gas foand iu tbe productive ro<;k bas a very high initial 

Tbe first flow of tbe best wells showed more tb^n 1,000,000 

feet per diem as tbe daily yield. Tbe gas bas been utilized iu 

wn to tbe fuU extent. 

drift beds exceed 200 feet (60 m.) in tbickness bere. Tbe first 

"tratum reacbed beneath tbe drift is tbe basai ])ortiou of the black 

^hale (Devonian). In tbe Lower Helderberg limestone (Upper 

^mn), which bas a tbickness of about 600 feet (18<'$ m.), considérable 

ii;s of gypsum and anbydrite are found about midway in tbe 

. At or about tbis same point in tbis séries very important beds 

sait are found in Obio, Micbigan, and Canada. Thèse deposits 

being worked on a large scale in ail tbree places. A valuable 

of gypsum occurs in tbe same horizon in Obio. 

Aubnm to Oarrett tbe ba«al rock is tbe black sbale previously 

Tbe drifb is nonmorainic. 

arrett and just west of Oarrett one line of tbe terminal moraine 
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Lbion anotber belt of tbe terminal moraine is crossed. The 
regiO'K^ ^bout Albion illustrâtes well tbe lack of drainage wbicb is com- 
mun '^^'^^Diig tbe terminal moraine. Numerous sballow lakes, ponds, and 
Bwaiirmx>8 are found bere. A single lake will sometimes occupy several 
squa^xr^^ miles of tbe surface. 

^^'^"^v^^en Teegarden and Walkerton tbe line traverses tbe terminal 
morftXm^^, tbe black slate of tbe Devonian still underlying tbe drift. 
^^^^'■^HX' Walkerton to Coburg is modified drift underlain by tbe Devo- 
^^^ '•i^o Union Milli, and by tbe -Niagara limestone (Upper Silurian, 
WeiiXo^lj) fr^^m Union Mills to Cobnrg. 

^ S^Kiman an inner morainic line of tbe Lake Micbigan gbvcier is 
CK>8»^^^^ rj^^ morainic belt extends westward as far as Woodville. 

l'y'^ïix Woodville to Chicago tbe underlying rock is Niagara limestone, 

Dunfe<l l>eneatb modified dritt, deposited in Lake Micbigan during its 

expax^^^^ condition, in late glacial and ])Ostglacial times. Tbrougb a 

^^ ^^^ "tbis région tbe sands of old beacbes bave l)een extensively modi- 

ueaoy the action of the winds, forming in phices conspicuous dunes. 

ï'Oa^i follows tbe Southern and south western margin of Lake Michi- 

^)J;^^ring tbe Ia8t25 miles (40 km.). 

^ Niagara limestone wbicb bas been repeatedly name^l in tbe pre- 



3«^ ««i.HjLXilCAL EXCURSION TO THE ROCKY MOUNTAINS. 



nnon^ Afr««aiic t^ extensively quairied at several ])oiiit8 iiear Cliiea 
It :2> Âà*e iT<iieipèL diTiMua of the Niagani which is fouud here. lu a 
7vi$;c:tia i? s$ ;& trpte;!! ik^Hnite of great purity. It Wiis originallj 
ii;j:âl7 5<t!>i!sLi!iK\Hi> limestooe. and many specien uew to scieDce h: 
.v«i i»f^T*.bi?^ rrom tlie internai casts of the several divisions of i 

JMâL Gkàcifii di lev miles beyond the Illinois State line and 
r*Hu làte-Cettcrfti S(;fttkHi« is already within the city limits. The n 
jtfw ^a<< :wk I Jie wet^rvard, a mile or more away from the lake, to Pa 
«É^ «ni :iï«4L raas north along the west side of Jackson Park, wh 
A.\-*j:.7tM>«^ Ji TWÊle asxl ;» half of the immédiate shore line, and is the ^ 
/< TM CK'âzmNuia ErpoHtMMi. Beyond Jac^kson Park it again reael 
:^ s^K'CV^ viM'li il follows for 6 miles to the Baltimore and O] 
>£;&;>» 5tnui:ed «hi the borders of Lake Park, which ocoupies a mile 
^"•l ofH^^^e the central business ix)rtion of Chicago. 
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At Milwaukee the surface formatiou is tlie gray pebble clay of 
Champlain âge. Witbin the limita of the city Devonian (Hamilton) 
strata occur. This is the only area of Devonian rock within the boauda- 
ries of Wisconsin. The rock is an impure limestone, from which an ex- 
cellent hydraulic cernent is made. The Niagara limestone, upon and 
against which the Devonian lies, is hère of such a character as to 
afford an excellent bailding stone, and is extensively quarried for that 
purpose. 

At Wauwatosa, also, there are extensive quarries in the Niagara 
limestone, siniilar to those in Milwaukee. The gray pebble clay, of 
Champlain âge, extends somewhat west of Wauwatosa. 

From Wauwatosa to Pewankee till (ground moraine) is well shown, 
underlain by Niagara limestone. 

Pewankee to Oconomowoo. About mîdway between thèse two sta- 
tions (from Hartland to Nashotan) the Kettle moraine is crossed,** 
and hère its characteristic topography, its accompaniment of lakes and 
its constitution, may be seen. Between thèse stations also the Hud- 
son Kiver shale appears from beneath the Niagara limestone, but is 
concealed by the drift. The Niagara limestone dips to the eastward, 
and the Hudson Eiver shale is the next subjaceut formation and ap- 
pears at the surface, except for the drift covering, as the Niagara 
thins ont to the westward. Before Oconomowoc is reached, the Galena 
(Lower Silurian) limestone appears from beneath the Hudson River 
shale, as the Hudson River shale appeared from beneath the Niagara. 
The région abont Oconomowoc is fanions for its lakes. The moraine 
crossed between Pewankee and Oconomowoc is tlie joint product of the 
Lake Michigan and Green Bay glaciers, the ice from the LakeMichigan 
glacier moving westward and the ice from the Green Bay glacier mov- 
ing eastward. The two ice movements met along the line of this 
moraine, which is tlierefore an interlobate moraine, terminal to two ice 
movements in opposite directions. 

Between Oconomowoc and Golnmbns the ground moraine finds one 
of its typical phases of development. Particularly in the région about 
Watertown, and northwestward from Watertown to Columbus, drum- 
lins are well develo[>ed. The drumlins hâve hère a northeast-south- 
west treud. This corresponds to the direction of ice movement in this 
région, as shown by the stria*. Associated with the drumlins are un- 
draiiied or 'll-drained dépressions which hâve an extension in the 
same direction as the drumlins thcniselves. B(»tween Watertown and 
Columbus the underlying strata are the Trenton (Lower Silurian) lime- 
stone, the St. Peter's saudstone, and the Lower Magiiesian limestone, 
in the order nanied. Tho strata ail di]) sli^htly to the southeastward, 
and each formation ai)i)ears from beneath the one iireceding. 
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Froin Colnmbns to Rio is groiind moraine, iiuderlaiii by Lower 
3IagDesiau limestone, and from Rio to Portage, drift. uiiderlain by 
JPotsdani (Gambriau) saudstone. At Portage tlie Wisconsin Eiver is 
X^eached, and it is followed to Kilbonm City, througli Potsdam saud- 
i^tone, overlain by drift. Ju»t before Kilbourn City is reached the 
^^oraine formed at the western margin of tbe Green Bay glacier is 
^if ^ossed. At Kilbonm City the railway crosses the river at about the 
^^^Ater of that portion of its valley known as the Dalles of the Wisconsin. 
5 river hère flows through a canyon-like gorge, 50 or 60 feet deep, 
r^ed out of the Potsdam sandstone. The tributaries to the Wiscon- 
in this part of its course hâve eut for themselves deep gorges and 
s leading down to the main stream. From the railway line near 
City may be seen isolated élévations of Potsdam sandstone, 
:h represent érosion remuants of the once more extensive Potsdam 
fowwjTM ation. 

Lbonm City to Camp DongUts. Crossing the river at Kilbonm 
the driftless area^ is entered. The sharp érosion forms, the 
al>8^Tice of drift topography, and the frequency of rock exposures com- 
bina to place this région in sharp contrast to that farther east. In the 
vioizM ity of Vaniton, Hew Lisbon, and Camp Donglas fine castellated oat- 
lieirs^ oî Potsdam Sandstone may be seen resting on a lower and ofben 
neairl^ level plain of the same formation. 

CwLMMïp Donglas to Sparta. Between thèse stations the Potsdam 
saiideitone is the only formation which appears. The divide between 
tbe V^ViscoDsin and the Mississippi îs hère crossed, and from the sum- 
Dfïit "fclie topography of the driftless area may be well seen. 

^i"om Sparta to La Crosse the route lies in the valley of the La 
^roa^MB river. The valley is carved from the Potsdam sandstone, 
whieli. forma the bluffs on either hand. In the lower part of the valley 
^^ummits of the bluffs are capi)ed witli lower Magnesian limestone. 
alsooccurs on the summits of the bluffs fronting the Mississippi, 
^f^^ ^>xi the bluffs bounding the La Crosse valley, near its junction with 
-M ississippi. 
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THE STATE OF MINNESOTA. 



By Uly s. Grant.* 

Topography. — The topographie featurea of Minnesota may be brie 
summed up, for its western three-quarters, as being a moderatel 
undulating, sometimes neariy flat, and oceasionally hilly expan 
The only exceptions to this topographie character are the northeaste: 
and soatheastern corners of the State, the former being almost mo 
tainous, and the latter deeply eroded valleys, often destitate of dri 
The north western corner is a part of the valley of the Bed Biver of t 
North, and is extreinely flat and monotonous. It is made up siipe 
ficially of deposits from the glacial lake, Agassiz, and well represen 
an area which is topographically youiig, the river courses haviug b 
just begun to eut shallow narrow channels in the unconsolidat>ed mai 
riais. The extrême nortlieastern part of the State has little drift, an 
is very roagh and broken in oatline, the ragged summits of hills 
crystalline rocks giving many bold features to the land8cax>e. In t 
soatheastern corner the Mississippi river and its tribataries 
inclosed by bluffs from 2(K) to 000 feet (61 to 183 4n.) in height; 
bluffs coiisist of nearlv horizontal Paleozoic rocks. 

« 

The average élévation of the State is somewhat over 1,2<H) feet (3*î^ 
m.) above sea level. Tlie only part that caii bc termed at ail mouirr 
tainous is the district between Lake Superior and the OanadiaK^ 
boundary. Ilere three parallel ranges of hills trend northeastwardlj 
and rise in some places to an altitude of 2,200 feet (071 m.). The mos 
broken eountryis tliat innnediately bordering (m Lake Superior, wher 
in from 2 to 10 miles (3 to 10 km.) baek from the shore, the land rise 
over 1,000 feet (3i)5 m.). Tlie région around the sources of the Missii^^^^* 
sippi has an altitude of 1,700 feet (."ilS m.), and in the northwest-centra-^'^ 
part of the Stati^ a gentle rangea of hills (the Leaf hills) risestoaheigli 
of 1,750 f(»et (533 m.). The. Coteau <les Prairies, au elevated région il 
the south western poition of Minnesota, is from 1,800 to 1,900 feet (54r 
to 570 m.) above sea level. 

Lakes and rivers, — The water area of Minnesota is larger than tli 
of auy otlier State of tlie Union, ])eing 5,037 square miles,t or nearl 
one-tifteentli of the wliole area of the State. The total nuraber of lak 
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St. Paul and Minneapolis. The Silurian uuderlies the drift (occa- 
sionally appearing through it) of a considérable area in tlie soath- 
easteru portion of the State just west of the Mississippi. 

The Devonian occupies a small portion of territory along the central 
part of the southern border of Minnesota. It is chiefly represented by 
the Gorniferous (and Hamilton f ) limestones and is comparati vely thiu. 

The Mesozoic. — The only Mesozoic strata found are small isolated 
areas of Cretaceous. Thèse occur in basins in the older rocks and are 
exposed in a few places along river courses. The Cretaceous rocks 
contain many well-preserved fossil leaves, which hâve been described 
by Léo Lesquereux.^* 

The Cenczoic. — Kearly the whole of the State may be said to be 
drift-covered; the only exceptions are the extrême southeastern and 
the extrême northeastern portions. At any point on the northwestern 
boundary, as far east as Lake of the Woods, one may start southward 
and follow the lowa boundary line without seeing any rocks in sitUj 
except what he n;iight encounter in crossing the valley of the Minnesota 
river, and the rare exposures of red quartzite in Bock, Pipestone and 
Cottonwood counties. East of this meridian he would encounter occa- 
sional exposures of such rocks along Rainy river, but southward from 
the northern boundary he would still hâve an almost equal scarcity of 
rock exî)osures,were he to set out again to the lowa boundary line. The 
drift is so thick in the.region of lakes Pemidgi and Winnibigoshish, and 
generally through the central portion of the State, that it does uot 
aôbrd rock exposures until reaching the vicinity of Motley. Rock 
is seen in scattered patches in Todd, Morrison, Mille Lacs, Kanabai*, 
Stearns, Benton, and Sherburne counties, as well as at Pokegama Falls 
on the Upper Mississippi. But farther toward the south, except in the 
valleys of the Minnesota and Blue Earth ri vers, the drift everywliere 
conceals the rock with an unbroken mantle from 100 to 200 feet, (30 to 
60 m.) and sometimes 300 feet (91 m.) thick. 

East of the meridian passing through tbe west end of Rainy Lake, 
the rock is more and more frequently seen projecting above the drift, 
both along the lowa boundary and in the central and northern por- 
tions of the State, especially in the valleys of streamsthat tiow east- 
ward. There is a tract of the State heavily covered by drift east of 
Pokegama Falls, including the St. Louis Valley andits upper tributa- 
ries, in which many of the streams that enter Lake Superior in the 
State of Minnesota take their rise; but for the most part in the eastern 
half of the State tbe streamvs expose the rocks more and more fre- 
quently, indicating an atténuation of the drift sheet toward the east, 
so that at last tliey become continuously rock-bound. The drift fades 
out on the north toward tbe rock bound shore of Lake Superior, as 
remarkably eviuccd aloii^ tbe iuternational boundary, and on the 
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that conld ooly bave been cot by a voltime of wat€r moiiy tlmes the 
BÛe of the présent rÎTer.* 

Tke TMeêno» of the Fait» of 8t. Anthong.**^*—'T\à» snttject ié of 
interest, M it fiimishes data fbr the calculation of the tîme wtaich has 
elapsed since the glacial perlod. Tlie lesnlts practîeally agrée witb 
those obtaiaed from Niagara Falls nnd elsewhere^ and fbmiah strong 
évidence that the disappearanee of the ice sheet ftom 'Socth America 
vas leas than ten thoasand years ago, 

From theFalls of 8t. Anthony to Fort Suelling (ëeejnap), a distance 
of a Uttle over 8 miles (13. km.), the UiBsiBuppi flows in a deep gorge 
(^at 1,000 féet (306 m.) wide. The roche of tÛs région are covered by 
drift averaging, Where the river has eut thioogh it, probably not more 
tliaD 30 feet (9 m.) in thickneM. Immediatdy below the driit occnr 
the praetically horizontal beds of the TientoUfiritli a tliidcneea of ftom 
20 to 30 feet (6-9 m). The npper and lover beds ■!« of eomparativety 
soft Bhales, bat the greater part ia of hard oompaet limeatone. The 
TrrahHi lies confonnably on the St. Peter sandatone^ wUeh Is a pan 
sandstone of aniformly âne grain and, notwithstanding its âge, Iw 
nndergone veiy httle Induration. TtÛBveryMableMndstonela nearijr 
vom Bvay and allows large blocks of the limestone to fidl dovn, tim» 
materially increaBÏng the rate of recession of tlie Fidls.' 



i 




lï— ScvtiuB scrou HlHiulppE Blvsr abors Fort SnalIlDg. 



From tho Falls t<» Fort Snelliiig the rock on the sides of the gorg»*^ 
haa a freslily t>ruketi iippearan<^e, tlio large fbagniente thrown down k -^ 



^':aû 



the action of the water un the eat^ily crumbJed sandrotk, as the falL-*"'^ ^^ 
receded, still exiatiiig in the tain» below the bluffs. Thronghoat tbSt- ^-_— ^^ 
est«ut tlie strata are horizontal, the thii'kneHs of the drift sheet ovec^ ' ^ 0ii 
lying theni nearly unifonu, and ail otUer onditions, so6u asthey canl)^^"^_ 
seen, that would nffect the rate of rex-ession, seem to hâve exerted aie* ^S 
uiivarying influence. The infereuce îh that the rate of récession ha»^'^'^ 
been praetically miifonn between the two {Kiints b 

r^*j 



Thereis au as[)ect of âge and long weatbering presented bythe rock ^^* ^ 
in the bluffa of the Mississippi below Fort Suelling.. Ithas a deeply "*" 



chanired color, a li^'it yellow oxidizeil cxterior, which marks ull old 
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that tLey were eut by tlie recesaion of the Falls in tlie »ftuie n 
the rock l>eda, uixl tLey do not coiiform in tbelr undulatioiis to tbe out 
liue of tbe rock as if tlie gorge weie présent when tliey were formed, 
as in St. Panl. Tbere 18 no spreadinj: of loam over thèse eut edges, 
èscept wUat lias fallen down froin al)o\e at tlie timc of tlieir remoral 
or sabseqneot to it. At Fort Snelling the dirwtion of the Mississippi 
changes abi'uptly at a light angle, and tbe river ent«ra tlie wider gorgt 
in wbicb the Minnesota tlows. whiub gorge ia entirely out of proportior 
with the aniouut of water that it carries. This gorge (of the Minne 
sota) continues in the lutuio direction and with the saine width beyond 
the confluence with the MisBÎsBÎppi. but takes tlie name of the lattei 
ati-eara; oue mile bulow Fort Snelling tbis gorge ia a mile and a hait 
wîde (2-4 km.). 

Theaefeaturesof greaterage.pertainiugtotheblufTsof the Mississippi 
below Fort Snelling, are seen in tbe old rock bluffa of tbe river above 
the mouth of Bassctts creek as far as Shingle creek. The rock tbere 
ia deeply ehanged in color and la hid by the drift, and tbe bluffs, as left 
by tbe more ancient ri\"er, are far apart, the tild gorge being thre« w 
four timea as large as that between tbe Falls and Fort Snelling. The» 
rock bluffa, coiisistiiig of tbe same limeatone asthut wbicb at the FaU 
is below the water, hère riae from 30 to 40 feet (9 to 12 m.) above t* 
river and are biiried nnder loam or drift and loam. This part of tX 
old Valley continues soutbwardly at flrst by way of Bassetts cre^ 
atTOSs the wfsti-rii siibiubs of Minncapolis, tSiroiii^b fhe v:illey9 Oci^ 
pied by lakes Calhouu and Harriet, and joins the Minnesota at soi* 
point above Fort Snelling, the précise locality being hid byadepoait 
drift. It was eut down into the St. Peter sandstoue over 100 feet (30 irr: 
at least, as sbowii by the well at tbe Sumner achool bonse, and ab(^ 
273 feet (84 m.), as showu by the deep well at tbe Lakewood cemeter^ 
This woold show that probably the ancient valley of the MioDeaotff 
wherc it pasaea Fort Snelling, and ail the way tbroagh BamseyCoont: 
and below, bas been filled more tlian 200 feet (61 m.) by drift that orig^ 
nated siuce the excavation of the gorge, Tbis supposition isbomeon 
by ail boringa that bave been made between the rock bluffs at lowe< 
points, as at West St. Paul and at Lake City on Lake Pépin, Sud 
excavation is not found in the river gorge between Fort Snelling anc 
the Falla of St. Anthony, tbe solid rock being fooud not more thau 2Z 
feet (7-8 m.) below tbe bottom of the water, 

Tbese facts warrant the conclusion tliat that part of the Mississippi 
gorge above Fort Snelling has been excavated by tbe recession of the 
Falla silice the last gênerai drift moveinent, and that prior to that event 
there was a gorge whi(^h passfMl froni tbe présent cbannel of tbe Missis- 
sippi, at tbe moutb of lîassetts creek, southward to the great gorge of 
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LA CROSSE TO MINNBAPOUS. 

ITINERAJtY. 

By Uly s. Ckakt. 
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At La Crosse tbe MiBsissippi river is flrst seeii. At tbe point of 
Crossing of tbe railroad tlie low-water and higb-water marks are re- 
Bpe4:tively 628 feet (191-4 m.) and (H3-5 feet (196-1 m.) above tbe sealeveL 
TLe river varies miich iu Tfidtb from hère to Lake Pépin. sometinieA 
beiug Dot more tban half a mile (0-8 km.) across, and agub Bpreading 
ont to nearly tbree timos tbat distance. Tbe railroad follows tbe river 
abiiost coiitiiiuously iiiitil ivuelitiig St. Paol, and aloug thla route is tbe 
tinest sceni-ry in tlie wbolf Mis.sissippi valley. The river is confined 
between iiigli bhifis, précipitons in many places, and îta flood plain is 
as il nile comparativcly iiarniw. 

From La Croise to Winona tlie road follows cloae to tbe river's edge. 
Tht' Iiigh bluffs on t'itlier side are of Caiiibriaii strata; St. Croix sand- 
stoQc capped by Lower Ma^'ne:«iaii liniestone. In Bomeof tlie ahaly 
layers of tlio St. Crois, near Winona, are tound niauy sbells oiLingula ; iu 
fait one lieti of II! iiLi>tie.-« (0-41 m.^ in widtli is made up almost entirely 
of lingiiloid sliells. The blnlls lisc in luariy pla<'es precipitonsly from 
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Iroad, and tbeir tops are ofteu over 550 feet (168 m.) above the 
nd iiot more tbau a mile (1-6 km.) distant from it. Just before 
■g Wmoua the valley wideiis, so tbat there are 2 to 3 miles of 
el laud betwt^en tiie blulfs und the water ; this continues to about 

(I-O km.) north uf Hùinesota City, wUere the blufi's are agaio 
> the river. 

1 Kinnesota City to Konnt Vemon tbîs narrow valley continnes. 
yond tbe latter point the bluffs rapidly recède from the river 
hey are 4 or 5 mile» (fl-4 to 8 km.) away from it, The railroad 
the river proper aiid runs uear the foot of the bluffs. The wide 
^ntiuues until reuvhiiig Beads L&ndin^ ut the foot of Lake Pépin. 

Pepiu is nierely an expansion of the Mis.-iissippi. It is about 
s (32 km.) in length, aud nowhere exceeda 3 miles (4-8 km.) in 
It is a mostbeautiful expansé of water, and nianyof the towns 
bores are summer resorts — as Lake City, Florence, and Prontenac 
Ad Wing, Baril Bluff (forincrly known as La Grange mountain) 
It is a large butte of Cambrian rocks lett witbin the river 
proper. Thas far the rock in the immédiate viciuity of the rail- 
as been St. Croix saud.stone, but before reachiiig Haitîigs tbe 
members of the Cambrian are entered. 

astings the river is crossed, imd from thi» point to SL Paul the 
l keeps on the east side of the river, and usually nt some dis- 
tH)m it. After crossing the river at Haatii^ tbe road runs 
-1 terrace gravel and saiid, formcd by washing of the drift 

I by the Mississippi, when it iFas flooded by the melting of tlie 
ng ice sbeet. Before coming to 8t Panl seveial miles of récent 
luvium are crossed, and Just before entering the Union railroad 

at St Panl the railroad skirts tbe base of a high précipitons 
St. Peter saodstoue, which is capped by a bed of Lower Siluriao 
D) Umestone. 

aol and Hiineapolia, tbe "twin eities" having aa aggregat« 
ion of over 300,000, form an important business center. They 

II tbe bighway between the great wheat producing flelds of the 
'est and the markots of tbe Eiwt, and hâve tributary to them 
^icnltural and hiniber districts. Tbe business centers of the 
lies are about 10 miles (IG km.) apjirt, connected by half-hourly 
, the résident portions joiii. The eities are beantifully situated 
banks of the Mississippi, and abouudiii fine résidences, pleasant 
, and picture8<iiie little lakes. As an educational conter Miane- 
ind 8L Paul are well in advauce; within tbeir limits are Hamlin 
TSity, under Methodist control; Macidaster' Collège, under tbe 
I of tbe Presbyteriaiis ; and the University of Minnesota, which 
le head of the State's System of public instruction aud bas 1,300 
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-r -liler of tbe two vities, and 
rue Mi8sissii)pi river, it fonus 
. ^ ;> well kiiown throii<?boiit tlie 
-*.•- rrade. The westtTn paît <»t tLe 
-- ••-'ir résident (listricît, and coutains 
•■' «-î rlie river. 

• -lîiiber and flonr intorests. Tbe 

.. ^ «"iieat, to^etlier witli the e.vcellent 

. . .. T iiere built up the largest inillinjr 

. . • : :àe vity bave a daily capacity of 

- l^'in- "A^mill alone eau produce 
s.:.. "".- Falls ol* St. Anthony, fanions as a 

^^.. 'i_2jehaba faIlsareiK)iut^ of intenfst 

~^^ >■. Paul bas been partially explaiiied 

i',"V _ i --r^vssion oftbeFalIsofSt.AiitboDV. 

h _- > -tiuiations of drift niaterials in the 

'■ ^ -s-:*. "1* •.* till. A b)ng tbe river courses, at 

••'* > ^ reient river alluviuni, wbile higber 

^ ^ -. ..-H> of modifiiHi drift, probably niade by 

^.. ^* ;•, ^il aieltîug. Praetically tbe aamestate 

^ . : .*Ta^*:^ witb tbe exception of tboscF^'^^^; 

^ miT^ :rK*iint: of tbe recession of tbe Falls*'^ 

" , .^.^••* r»ii Fort Snelling.—AiteT leavinp ^^® 

^ "^fcL 2v ^'^^ passes ab)ug tbe foot of tbe bU^* 
Avî- dei»ayed and eroded condition of ^^^^ 
seen, together witb some of its ca^'^* 
lu pbices, resting on tbis sandst^'^^'^ 
cl. dritl pebbles and boulders, aud 1-^^^^^ 
\^^^ . >^'.»^rt liraestone. Thèse fragments are i»^ '*^^^ 
,^ .«- >^<^ ^* ^'^H^' "i-) long and 3 feet (0.9 ni-^ L 
^.*.t* '^^ ïhï'* composite niass was fornied bv^ * ^^ 
... ;* ; .ilH>ve tlie i»resont level. Siniibir ai^ ^ ^x 
^ . r ^■^v.^itbtbeghicialdrhris, canbeseei' le 
^^^ . '■ :r alH»ve Fort Snelling; in fact, tbe wl ^ "^^^ 
s:- :• - ^ is more or less coniposed of siicb a n^ ^^T^, 
t :t: .i.'^n to tbe snlid rocks, 10 to 25 feet ç^ \. 
. ,,. c tîio river. After crossing tbe river ^ '\r 
^^ ^„ :^r.: bbilf, of St. l>eter sandstone capped ^'^ 
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_ . .-^ W pro..uro.l Iroin l.onk dralers. Th,- hm oih - V' 
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MINNBAPOLIS TO MOORHEAD. 

By Uly s. Orant. 
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Imiiiediat^Oy after leaviug tlie Union Station at KinneapoUa thc t~*^^ 
roild passes ttiioiiyb a siiiall eut in the iipper beda of the Treut-^' 
limcstoiie, and ;i simili iirea of tliis îm also seeu just after crossiug t> * 
river. A mile or two distant on tlie rigbt, low-lying niorainic hills t»- 
distiuetly seeii. Tlie road tlieu enters a levei siuidy plain of niodifi ^*^^ 
drift, and nu more Paleozoic strata areseen witbin the State. Thisll "^ 
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E«^:xx)m Sank Rapids to LitUe Falls an area of modiûed drift exteuds 
fox* £=9>«iue distancé ou eacb side of tbe road. At thîs place tbc Missis- 
8J2>;^:^ i is again crossed and a small area of slate, mica-schist, and diorite 
is £$^^^n along tlie river; thèse rocks are ail Archean, bat their exact 
hox'i-s^on lias not been determined. Tbey cause tbe rapids in tbe river. 
A ^^^^ -^ff miles soutb of Little Falli tbe soutbwestern liniit of tbe ever- 
gr^^^^ mi forest is crossed; scattered piues bave been seen fartber soutb, 
bix fc H-iere tbey appear in large amounts. Tbe principal species is Pinus 
bawM> Xr^iatiaj black pine, more commonly known as tbe ^^jack pine." It 
si jr grows to be of sufficient size for good lumber. 

Little Palis tbe Mississippi is again crossed and tbe railroad now 
directly away from tbe Fatber of Waters, taking almost a nortb- 
)rly course to tbe western edge of tbe State. From Little Palis to 
a région of rolling and often billy morainic couiitry is passed 
tUxroxxgb. 

-lr«"rom Staples to Perbam a flat to undulatmg area oi modiûed drift 
is <:*m*ossed, excepting tbat tbere is a small billy morainic area between 
Ho^w York Mills and Perham. Before reacbing tbe latter place tbe 
t^^oxxt; 11. western limit of tbe evergreen is again crossed, and only a small 
of deciduous forest is seen before entering tbe prairies of tbe west- 
l:>art of tbe State. Otter Tail county, in wbicb are situated tbe two 
lat^t; xiamed towns, is crossed by an elevated morainic range of bills, 
tbe Ixigbest in tbe western balf of tbe State. Tbis elevated région is 
kno^^xi as tbe Leaf bills, and is tbickly dotted witb numerous crystal 
lake». In Otter Tail county tbese lakes cover more tban one-nintb of 
tlio cs% virface of tbe county. Tbis lake area is entered just beyond Per- 
^**ni c^sd continues to and beyond Lake Park in Becker county. 

^ï^ ^be vicinity of Lake Park tbe prairie bas become fully establisbed 
and ixo more timber is seen except along water courses. Beyond tbis 
plaeô » more flat or undulating area of till is entered and tbe descent 
^^a.i-cl tbe Red River ot tbe Nortb is begun. 

^^*^^*i-fourtb of a mile (.4 km.) east of Muskoda tbe first of tbe 

*ucioxxt beacbes of Lake Agassiz is crossed. Tbis is a low, gracefully 

JJJ^^^^led beacb-ridge of gravel and sand, called tbe Herman beacb. 

ae^n ^ plain, two miles (3.2 km.) in widtb, representing an old delta 

^ï^^^ît, is crossed before reacbing tbe second or Norcross beacb. A 

**^ ( 1.6 km.) beyond tbis tbe Campbell beacb is crossed, and about a 

? ^^tfir of a mile (.4 km.) furtber is tbe McCauley ville beacb ; tbe latter 

^*^^ii just before coming to tbe Bufl'alo River. Tbe low flat valley of 

^^' It«<l River of tbe Nortb is now entered and tbc road runs in a straigbt 

^^ directly west to Moorhead, a dislance of 13 miles (21 km). Tbe 

'^^^^xicl bere is almost as level as a table, and tbe streanis bave eut but 

_ ^ïlow narrow trougbs in it. Between Moorhead and Pargo tbe Red 

'T^ a sluggisb stream, is crossed. 
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ARTESIAN WELLS OP EASTERN DAKOTA. 

By Gko. h. Eldridge. 

A moRt reniarkable séries of artesiaii wells is developed in two belts 
of couiitry eoineidiiig iii a gênerai way with the méridional valleys ol 
the Ked Eiver, wbicli the road crosses ai Fargo and Hoorhead, and of the 
James Hiver, whieh is passed at Jamestown, about 100 miles fartber west 

The geological horizons from whicb the wells dérive tbeir waters are: 
(1) Tbe Pleistoeene drift of the Red River valley. (2) The middle and 
iipper portions of tbe Cretaeeous. (3) Tbe Dakota sandstone wbieh 
forms tbe base of tbe Cretaeeous System on tbe Great Plains. (4) The 
Cambrian sandstones. 

Tbe last of thèse afTords but a siugle well, wbicb is in tbe Red River 
valley, 100 miles (IGI km.) north of tbe railroad. It bas a total depth 
of 915 feet (279 m.), of wbicb tbe last 12 feet are in granité. It obtains 
fresb water at 503 feet (151 m.) and sait water at 903 feet (271 m.) 

The Pleistoeene wells are eoniined to tbe Red River valley, and obtain 
tbeir water from seams of sand and gravel in tbe glacial till at depths 
of 85 to 270 feet (26 to 82 m.) Thèse wells are developed in abelt375 
miles long. Fresb water is obtained from tbe sonthern portion of the 
belt^ brackisb and alkaline waters from that to tbe nortb of Blanchford, 
in North Dakota. The source of thèse waters îs not distant, and the 
supply dépends on the rainfall and the configuration of tbe immédiate 
région. 

Tbe Middle and Ui)i)er Cretaeeous wells are limited in number, a^^^i 
with one exception, are also located in the Red River valley. Tl>^'^' 
are from 1*50 to 395 feet (70 to 120 m.) deep, and tbeir water ti<)>W ^^ 
copions but brackisb. 

Tbe Dakota sandstones supply tbe niost important séries of ^'^^ ] 
wbieli oeeupy a belt, along or adjacent to the James River valt -^ ' ^ 
extendin^- from Yankton, on tbe Missouri River, to DeviPs Lake, nortL ^^^ 
Jamestown, a distancée of 400 miles (()44 km.) Tbe standstones are 1 — "^^o 
to 400 feet (180 m.) tbick, and lie at deptbs of from 000 feet (60 to ^^ q{ 
m.) in tbe soutbern to l,r)00 feet (450 m.) in tbe northern portion .^ 

tbe belt. Tbe wells are from 4.J to incbes (11.4 to 15 cm.) in diamet^^^i ^ 
and tbe tlow of water in some of tbe wells is 8,000 gallons (36,000 ^^ . 
per minute, at a ])ressure of 2.") to 28 pounds per square inch. Th^^ 
waters are utilized ibr runnin^ tbe niacbinery of mills, for city fire sy*-^^-' 
tems, and for irrigating. to a limited extent. 

Tbe geological structure of tbe basin, so for as known, is that of 
gently (lipi)ing séries of Cretaeeous rocks, resting unconformably upcC^^ 
tbe Cambrian and Arelieau of nortbwestern Minnesota, and risin< ^ 
slowly towards tbe base of tbe IJocky ^Mountains, wliere tbe lirst on 
crops ot Dakota sandstones are -."iO to 400 miles (400 to 050 km ) awî 
and at elevati(ms of 3,(MK) to r),(M)0 feet (!HM) to 1,200 m.) above sealev 




i 




Tlie Laramie Cretaceoas, the t^oiil-beiirmg ueritifi of tbe <^reat Piain 
and tlie Rocky Momitain région, ia the prevailing horizon, and oulyl: 
a t'ew limited aceaa along the Une of travel do the underlyiiig rw-k 
corne to the sarfai'e east of the Yellowstoiio River; fvnm ■lamestowa h 
Livingstou, a distance of over G50 miles {1,046 km.), seldom do auybu 
Cretaceous rocks appear at the surface from beiie:itU the drift. 

The Laramie coiisists of eoarse sandstones and thaïes, tbe forme 
more abnndant at the bit^e of the séries, where aiso most of tbe coh 
seams are fouud. This important séries haa liecn trmed nortb ai» 
eouth aluiost eoiitinuotisly alung the Hocky Mountain front within tin 
boandaries of tbe United States, and in British America has be« 
recognized in tbe valIey of the Ynkon Biver, stretcbtng northwan 
nearly to tbe Arctic Gircle. Soath of the United States it is lees défi 
uitely kuowD, but coal seams of Cretaeeous âge vhich probably beliHil 
to this horizon hâve beeiï observed at varions points in Mexico an* 
also ia Central America. Westward, tbe Laramie Cretaceous extendi 
through tbe varions breaks in tbe front ranges to the one Imndred au 
twelftb meridian. TheKortheru Pacific Bailway crosses itat one ofî' 
broadest expansions. Under varying conditions the coal obtained froi 
the bedsoftbis séries range from a dry,porous,noD-<!oking coaloffc* 
low spécifie gravity, through slightly caking coal, to a foirly dense oo^ 
atfording an excellent quality of coke, and, in limited areas, to ^ 
excellent anthracite. Nearly 5,000,000 tons of coal were mined in tb^ 
beds during the census year 1890. 

Near the base of the inountains tbe Upper Cretaceons bas b^ 
divided into two distinct groups which bave been designated as ^ 
Laramie and the Livingston. The former is tnaiuly a normal wl» 
saudstone composed of quartz grains; ttie latter is made np largel>^ 
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conglomérâtes, with intercalatioiis of somber-colored voleanic 

dal composed of fiue and coarse basic agglomérâtes, and beds of 

fin^ f^ands and clays deposited in shallow water aud derived from tlie 

des:^ lÊzm^ dation of land snrfaces. The Livingston rests unconformably upon 

tlic» ISL<aramie and contains pebbles of Archean scliists, Paleozoic lime- 

ss,and Cretaceoas sandstones. Away from the mountaius the two 

1)8 hâve not as yet been difterentiati^d. 

^ railway, which for the greater part of the distance (save, for 

Bce, when crossing the Bad Lands) traverses the top of the gently 

^^lici^xlating surface, on reaching the Yellowstone Valley follows the river 

een high blnffs of Laramie sandstone. At a number of localities 

the river, Gretaceons rocks older thau the Laramie are exposed 

3 blnffs. Near the monntains the entire séries of Cretaceous strata, 

the base of the Dakota to the Livingston, are upturned and well 

in excellent cross-section along ravines eut by streams coming 

^o^^vn from the monntains. 

n a bright clear day the first glimpses of the Eocky Monntains 

l>e had from Billings, snowclad peaks standing ont prominently 

tx> the north and sonth, and three or four hours before reaching 

n^ton the Bear Tooth Mountaius to the south présent a grand 

P^Kâoramic view of rugged peaks stretching along the horizon as far 

*s ^lie eye can reach. Thèse monntains, whose summits reach 12,000 

^^^ôt; (3,658 m.), and their western extension, the Bonlder plateau, 10,000 

feefc (3,048 m.), consist of Archean gneiss and granité. The slopes 

^^^\ £oothills are made up of Paleozoic strata dippiu g either to the 

îioi*tili or east, and passing beneath Mesozoic beds, the uppermost mem- 

"®**s <jf the Laramie standstone extending far ont upon the plain. 

^^ JBoulder plateau is intimately connected with the Snowy range, 

alon^^ the northern base of which the railroad ruiis from Big Timber to 

^^ï^^ston. 

^»^ -fthe north side of the valley rise the Crazy Monntains, an isolated 

SW>^Ï> standing ont boldly from the main Rocky Mountain ranges. 

Thô c^^ntral portion of thèse monntains consist in great partof igneous 

'^^^ t;hat hâve broken tbrough a broad synclinal trough of sandstones 

and. ^'ti^ales, made up of a great thickness of sédiments of the Living- 

Btoo^ ^^d overlying séries of beds. From the central core of igneous 

'^^^ S^nnnmerable dikes hâve penetrated the sandstone, baking and 

"*^^^^xiing the sedimentary rocks, which hâve resisted érosion more 

tnarà -^jj^ easily friable beds.^ The most southern peaks of the 

\ C«^xi,^g j^P^ sitnated about 15 miles (24 km.) north of the river, and are 

t easily accessible to anyone desiring to study them. 

I 451 GE ^21 




1 18 au attractive settlement and the venter of au imp< 
wbeat région, sitiiated ou the James Biver, a atream whicli ranniii^ 
Bouthward empties iiito the Missouri. From Juneatown weet to £■ 
nurok, tlio road for 100 miles (IGl km.) passes over an andnlatiDg 
graasy coaiitry, in every way characleristic of the Great Plains of tha 
Dortli. Leaving Tamestown tbe road gradaally ascends, 450feet(13" 
m.) i» 20 miles (32 km.), to Cleveland. Thia is fbllowed by gently roIZ 
iDg country for 50 miles (80 km.) to Sterling, from vhîch point tliere ■ 
H graduai deocent of 200 feet (GO m.) to tbe Misaonii River. The glac ' 
drift wbich everyn-here covers tbe country east of the James Valleg 
gradually thins ont to tbe west and soutb, and is lost as a continuée 
ebeet before reaching tlie Missouri Kiver. Drift in the form of am* 
bouldcra may be ea»ily recoguized along the ronte, and is well sho^ 
near Cryital Springs. AU the way fvom Junertown to K 
nndprlyiiig rocks, as far as yet recognized,l)elong to the Laramie seri^*^' 
the ImhIs Iwcoming more and more marked as the Missouri ia approach^*'*^ 
Biimarok. the capital of North Dakota, lies on tbe bluffs of *'^j 
Mi»8oiiri, whieh atïonl comuiauding viewa botb ap and down the brC** 
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sifled aiid pietuiesque, ami dott«d ovt-r by isfjlated buttas ami lncn g^:^ !^^ 
ridges of Inw liilts, Hciilptnred forma left by crosjon. 

The raiiroad cnisses tlje b^iumhiry Une between the States of l>akola^e^=^^ 
aud Moiitaiia just west of Bentinel Bstte station. SejtiDcl Butte lie sai^ s — ^ 
a few miles south of the railroad and ia i>lainly visible t<> tlie tourist, -f '^" ^^ 
staiidiug oiit upou the plaiu a most impresaive tibject, like a monumeut^^*' '^ 
nn tbe désert. Geologieally, it présents mach of interest, as its base ^^^^^ 
ia composed of the iipper be4lH of the Laraniie, and it ia capped by ooii- — ^^ 
formable strata of freah-water de|>oBits regarded as of early Eoeeae ^^^^" 
âge. 

The railroad reaches the Yellowstoue vnlley at Olendive, aiid from «3^^ 
bere it follows the river ail the way to Livin^ston, a distaui-o of ■'MO <I^* = 
miles (547 km,), wîth a gratinai ascent of ovor 2,200 feet. The valley ~'^^^- 
between the bluffs varies from 1 to 6 mile» iu width, the river mean- ~ ^nz 
dering from side to aide, Several large tributarles to the Yellowstone ^3^ m 
which enter the river from the south are croi^sod, includiug Powder -^:-^ 
river, Big Horn, Claiks Fork, and Stillwater. The flrst uamed riseâ ^is-^^ 
between the Black Hills and the B\g Horn mountains; the 8ei;(imi _ïi» i 
draios the Big Horn mountalus; andClarks Fork and tbe Stillwat#r -k-?^ 
hâve their source iu the Absaroka range. The railroad ctokscs tlte ^^^ ^ 
river three times, and foi' tbe greater part of the distance follows alung -g^ ^ 
ander the bluffs on the south «ide. The Yellowstoue valley abuve ILp g:^ ^^ 

bluffs présents mncli the sauie physit^al features as seeii iu eastem m-.^ 

Montana, and the geological featiirea offer but littlc iu the way of cliaiige^^-^^ 

to break the dullmonotoiiy. The bluffs and low-rollinghills inwfnrma^^^ 

of yellow sandattuie, for the most part horizontal. It ia the prevatliu^^^ 
color of thèse be<lfl thiit has given the name to the river, and oone^^^^^=, 
quently to the now famous Y^ellowst^me Park, where the river ha» it^ ., 

From Glendive, bluffa of Laramie sandstone may be seen stretcliii^ ^^ 
far down the valley, which lias hère a northeasteily direction. Abo»-^ * 
10 milea (16 km.) above Glendive, at the foot of the bluff ou the e*-^^"* 
side of the valley, occurs an esposure of Fox Hills beds. Thèse be*^*~^ 
are determiiied by their orgauic remaiiis, but are dillîcult to recogni ^ _"* 
aa Uthnlogically they are similar to the overlying Laramie, a ud ht^^^ 
séries are confoimable. There î» espoaed hère the base of the Laran» *-,-, 
whereas the topof the séries occura at Sentînel Butte. According' , 

Dr. U. A. White the thickness of the Laramie in westeru Dakot» a ^*^ 
east«rn Montana ia nearly 3,000 fect (914 km.). ^ 

Shortly after leaving Miles City the lignite beds crop ont at tha b^^^ 
of the Laramie; and at Howard, Fox HiU strata are «ald to come to t '^^g 
surface from beneath the oviirlyiiig Laramie, but they are byno mea '"^^^^^'^ 
easily dtstinguished. ^j 

At BtUin^ the ârst important exposure of Middle Cretaceous 
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Station. 



Liringston 

Brisbin 

Chicory . . . 
Emigrant . 



YELLOWSTONE VALLEY. 



FROM LIVINGSTON TO CINNABAR. 



ITINERARY. 



Distance. 



Miles. 



Kilo- 
meters. 



Elévation. 



Feet. Mcters. 



10 
20 
23 



16 



4.487 
4.682 



1,368 
1,427 



Station. 



Daileys 
Sphinx 



32 1 CinnaUar 



37 



I; 




[By Walter h. Weed.] 

At Livingston the tram leaves the main transcontiuent^l roate and 
passes over the Yellowstone Park branch of the Northern Pacific rail- 
road to Cinnabar, a distance of 51 miles (82 km.). It travels ap the 
Yellowstone river through a pietaresque monntain valley, with higb 
peaks on both sides. Those east of this valley and soath of livingilQii 
are known as the Snowy range. 

That portion of the Snowy range seen from Liyingiton is reaUy the 
front of the liocky Mountains, which farther westward bend north au 
extend in a nearly continuons range to the Ganadian Une and to tb 
east bend southeastward for 75 miles between the Yellowstone rivi 
and Clarks Fork. The peaks seen from the town show the fold 
Paleozoic limestones dipi)ing at steep angles northward and passiii 
beneath tlie less steeply iiielined Mesozoic beds that extend outwar 
into aud form the valley. The front of the rîinge is characterized by 
fold, in gênerai parallel to the Archean contact, the anticlire beii^ 
often faulted, and west oi" Livingston passing into several en échelon au^* 
clines with steei)ly i)itchiiig axes. The highest i)oint seen sonth of tl™ 
town, locally known as Baldy, is a sharply defined mass of Arche** 
schist brought into contact with Carboni ferons liinestone by a faultii^ 
of the anticlinal fold just alluded to. The gênerai structure is sliuV*'' 
in the section (Fig. 14-A, j). 3.'^0), Wliicli i)asses through this mass. 

Livingston» situated on the north bank of the Yellowstone river, ^* 
one of the many towns of the West born on the advent of the railroiE^^ '' 
but rapidly growing Nvitli tlie setthMiient of the surrounding countfAj' 
The town is bnilt upon an alluvial river terrace, eut in the uptuni 
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saii<J^^'tx)nes and grit» of the Livingston séries,^ beds tbat consist of 
wAt>^sr-laid strata comx)08ed of andesitic material. Thcse beds rest in 
api>^&jcr^nt conformity apon the true Laramie, the horizon of the work- 
al>l^ l:>itaminoas coal seams, but an uneoinformity is proven by the 
vajrî.^-t:-3^ of pebbles of Paleozoic and Mesozoic rocks found in the con- 
^loxMi^^x^ates, and is actually shown in the mountains to the westward. 
Tl:^^ ^Ç"x-eatest thickness of the Livingston yet measured is 7,00() feet, the 
ov^mrUying sandstones and clays beiug qui te distinct lithologically, and 
cax'x^^ritig a purely firesh-jwater fauna and a flora of Fort Union type. 
Plsix^t xemains are abundant in the Livingston bèds, the species being 

of Laramie types. Spécimens may be coUected from the rocks 
the hills immediately north of the town, where characteristic 
sures of the serres occur. The overlying strata can be seen from 
^^^^^^ liills, forming low sandstone ridges and a light gray bluflf wall to 
th^ :«:^ortii^ard, and the beds form the high peaks of the Crazy Moun- 
^^ ^"^ ^ lying to the northeast. 
^^^^^>"iith of the river a gently sloping alluvial terrace rises to the foot 
'•■^^^e mountains, effectually concealing ail exposures of the Middle 
►us rock except along the river banks. 
e branch railroad to the Yellowstone Park traverses the valley 
»m toward the gap in the mountains through which the river has 
i ts way to the Great Plains. On the west, low combs of sandstone 
^Kiging to the Middle Gretaceous are occasionally seen, the Laramie, 
^ana, and Colorado groups being passed before reaching the ^'Gate 
^ Mountains." The ûrst beds attaining prominence are those of the 
-^Dta Gretaceous, whose conglomérâtes form the crest of a striking 
^ud west ridge, or "hog-back," dipping at 20^ away from Canyon 
Au and separated from the mountain slopes by a persistent 
'^ssion eroded in the soft fossiliferous shales and limestones of the 
ûc. The red sandstones, elsewhere considered Triassic, are not 
itely recognized in this section, the first great ledge of the uioun- 
T)eing a quartzite assigned to the Carboniferous. 
e canyon now entered afifords easy access to the beautiful inter- 
kne valley of the Yellowstone, bringing the traveler at once into 
Jf^^^-^^^i^al Kocky Mountain scenery. The gorge is eut across an anticlinal 
- ^"^ "^hose southem half is faulted and crushed. The walls show a per- 
yr *• ^Mction of the entire stratigraphie séries from Cambrian to Jurassic. 
^^^i^rlying the prominent quartzite mentioned above are the massive 
^^^"*^^' bedded limestones of the Carboniferous, hère used for burning 




*• and characterized by abundant fossils. Beneath thèse massive 
^ il are the fissile limestones of the Devonian, resting u];)oii limestones 
^ ^oubtful Silurian âge, that are in turn underlaid by limestones and 
**^^-l€^ containing an abundant typical Cambrian tauna. The séries 
Gambrian to Laramie Gretaceous is throughout conformable, no 
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in this vidiiity. The MOI Oreek fin 
«f MoQnt Cowen, from whieh point tlie antidj 



^ th» i«ink>u firom near the mooth of Mission Ci 
V 9 miles below Liviiigston, thioagih Livi 
Oowen to MiU Creek (Fig. 14-A), wiU aid in 
oTM^feological stmctare of fhis part of fhe région, 
strata dipping steeply north and passing un 
Mesozoic beds that form tbe broadvalkyof 
iMtov lifiagston. Aslight fault ciossingtliepeakso 
kas fhrown down tlie sedlmentaiy strata against 
ibr a sliort distance. It shows the greafc bod; 
ing tbe monntains along the east ode of YeD 
Ip^ MkNint Oowen and the fanlts at its sonthem base. 
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Afesozûf'c, Pa/eozoùr, /Irc/iaean: Agçh/nerQtes, /ntruswes. 

Fio. 14.— Snowy ranj^o sections. 

rh«> Vttllt^y of Mil! Creek opeiis a vista iiito tbe région of volcî 
iwihi iuul breccia, moiiiita,ius of whicli, 20 miles distant, may be s 
Hv4« ^"^ rwilroad just north of Chicory station. Tbepeaksasbort* 
I4UKV b**^''^ iv^^vù. tbe moiith of this valIey consist of igneous rock t 
\i.4ci îwtvudtMl within sedimentary rocks and wliich uudoubtedly i 
^vu^ tbo tault plane at tbe base of Mount Cowon. Similar intrus 
\%.\k Kums tbe bigb peak, Cliico Mountain, between Mill Creek î 
b^i^A'^it Ciulcb, the deep valley inimediately north of EmigrantP 
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Thèse rocks continue to form high monntains along the northern side 
of the Yellowstone River east of Gardiner. The peaks sairoandiug the 
head of the valley of Bear Creek opposite Gardiner are volcanic ejecta- 
meuta and intruded bodiea of porpliyrite. The bench at the base of 
Sheep ^lountain, about 600 or 800 feet above the river, consists of a lava 
flowof basait resting on the iipturned edge of faulted Cretaceoussand- 
stones. Small wedges of thèse rocks hâve settled short distances and 
lowered parts of the basait sheet to différent levels, so that it ap]:>ear8 
from the south side of the river as thoagh there were a number of 
superimposed sheets. The light-colored deposit upou the basait is the 
remains of an ancient travertine, similar to that at Mammoth Hot 
Springs. A profound fault passer along the south base of Sheep Moun- 
tain in a southeast and northwest direction, the displacement being 
over 6,000 feet. This fault is shown in the cross section through Emi- 
grant Peak and the summit of Sheep Mountain (Fig. 14-c). The geologi- 
cal structure is exceedingly simple and islargely a répétition of that in 
the second section (Fig. 14-b). The northern end of the section crosses 
the Yellowstone River two miles above Ghiokory Station, where it prob- 
ably intersects the Mill Creek fault. 

[By Walter h. Weed.] 

At Cinnabar Mountain the sedimentary rocks are again met with, 
a section being exposed from the Archean to the Laramie Cretaceous. 

The inouiitain rcceived its nanie from a prominent baïul of briglit red 
sandstone, tlio so-called Devils Slido, tlicre being of course noniercury 
tbero. In tlio niountaiii the sedimentary strata are nearly vertical, 
being the sliarply uptiirned end of a synclinal trough whose axis is tlie 
sag sontli of the niountain. It is the niost convenient locality for the 
traveler to examine tlie stratigraphiciil section, as the rocks are well 
exposed and readily accessible. Tlie noithern part of the niountain is 
composed of Paleozoic liniestones so closely compacted that the subdivi- 
sions are not easily recognized, but the quartzitc at the summit of the 
Carboniferous, with its red magiiesian limestcmes, isdistinctly differen- 
tiated. Above thèse beds are the Triassic sandstones forming the 
Devils Slide, and the ripple-marked cpiartzite which overlies theui 
forms the nortli wall of the most i)rominent of the guiches that seam 
the niountain sid<'. The ^ray Jurassic shales are well exposed and 
contain an almndancîe of fossils characteiistic of the Rocky Mountain 
Jura, such as Myavifcs^ Rhy)i('ho)U'lla^ Grj/phœa, Camptonectes, etc. 
It is in thèse rocks that the intrnsives forming the south wall of the 
great j^ulch liave been in jected. Overlying thèse Jurassic beds are the 
grits nndcon^ilonieratesof the Dakota Cretaceous, in which alimestone 
belt cairvinu" tVesh water fossils niav be secn. Above this the dark 
bituminous shales of the Fort Benton, with occasi<mal arenaceous belts, 
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ternuDation of the Vellowstoiie glacier. Àltlioiigh severui termina 
iiioraiues uiay be distingiiisbed iii places, tbcro is tou gênerai an over- 
lappiiig to permit of tle&uitc inappiiig of tlie Buccessive positions of tlie 
ice front. In tliîs part of tlic vaJley tlie sliarply limitetl extent of tbe 
glaciation will be at onre noted. To tbu vsuit an estensive develup- 
nieiit of tlie overwash p)iiin is »eon, forming a flat dotte<I witb farms 
between Mill creekaud tho river, with tbe biimmocky surface of a strip 
of valley nioraine at tUi> base of tbe mouutaius. 

East of tbe valley. tbe steep slopen of the Snowy Moimtains show 
âne esamples of mountaia moruines apon tlieir âaiiks, wbile tbeir 
deeply încised canyons and pobglied slopes of gneiss sbow lUe abrading 
power of the tribntary gliiriers, We«t of tbe valley ttie nwks are 
wbolly volcanic and readily distingoishable from the glacial drifl. 
Near Fridleys [Snigrant station) the ice covered only the valley bot- 
tom, bat a» we ascend the valley toward the soutb the drift rises to 
higher altitudes, thon{;h nowbere does it creep far np the monutaîiis. 
It is évident that tbe Yellowstone glacier once âlliug the valley was 
not reiiiforced by stieams from the west. 

Near Fridley'a (Emigrant) tlii' cotnmnar clifla of a récent basait flow 
are seen. The lava caps Pliocène lake bcds, and it» npper surface is 
polished, planed, and striat«d by tbe ice sheet. Aross tbe river lo tlie 
eastward a good es^iniple of a snbglacial streaui ehuiuel caii bt- 
Bcen indenting the nndulatiug luoraiual slopes. Approacbing Duleyi 
anotheresposureof baisait, capping lakebeds, is seen totbc east; boni 
ders of biisiilt from tlu- two localitiefl are very abundaiit in the ilHIï 
dowu the valley. To the west a reniarkable séries of terrace lines is 
seen.aonie thirteenbeingplainlydistinguishable. Theyarefoundoiiljr 
within the glaciated area, and are due to diverted drainage, marginal te* 
tbe ice. Tbe valley présents very différent features ou its two 8ide^_ 
To the east tbe serrated summits of the Snowy monntains aud the liigf*i 
point of Emigrant Peak riae abruptly from the valley. Theae mon"^»- 
tains held tributary glaciers at one time confluent with tbe great gl ^■ 
cier âlling the valley, and at its décline pu-shing westward across tt»* 
valley and depositing erratics of gneiss and Hniestone upon tbe slot»^^ 
of volcanic aggloinerate. The inouutain slope^ are strewn with so^"*. 
tered erratics, and striking examples of moraines of angnlar dét»*^' 
may be seen upon tlieir flanks. 

To tbe west of tlic valley, bowever, the lirait of the drift is v^^^ 
8h[in>ly deflned. The dark slopes of volcanic agglomérâtes rising gr^*^ 
ually to the créât of the Gallatin range are free fhîin drift and show *^ 
évidences of glacial sculpture. It is certain that the ice filling ■^^ 
valley extendcd but a short distance up the slopesj Within tbe drS- '*' 
covered area the slopes are very generally terraced, and the evidet^»- 
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THE YELLOWSTONE PARK, 



Tbe Yellowstone National l'iu-k ir! 8ituat«d in the nortUwest corner 
of the State nf Wyoraiup, witli a uarrow etrip of conntry Ipss than two 
miles iu widtli in Mntitana on ttie north, and a still uarrower stiip 
extt-udiug westward into Idaho. Itsboundaries, as Uetermiiieti by the act 
of Gotigretis e^tablishing tbe park, are ill-defined, an at tbe ttme of tbe 
enacttneiit of tbo law tbe région bad been littlo explored. Its relations 
to tbe phj-Hiual featurcs of the smrounding <!ountry wcre ouly sligbtly 
nnderstood. It is probable thatbeforeDiany years Oongress will read- 
Jnst aud i^Iearly deliiie tbe park boutidaries, placing ît entii'ely within 
the State of Wyoïning, That portion of the Park most fref|iiented by 
touriflts be« soutb of the forty-liftb parallel of north latitude, and 
between the one bnndre<l and tenth and one handred and eleventh 
meridians of west longitude. For a louy time tbe park conntry aud 
tbe adjairent mountains remaiued au iua<^icest«ible land, wbicb bad deâed 
ail efforts of tbe eai-Iy exitloiers t« discover its secrets. The e-arly far 
trappers liod beeii ail aronnd this uuknowu laud, but they do not 
appoar to bave beeii attra^ted by it; the Indians never resorted tbere 
for pwmaneut encnmptiieut, and as a dense foreat (jrowth eovered Ibe 
moantaiiis it long remaioed an uninviting, trackless région. An occa- 
sioual veiitnre.some niountaineer entered the conntry, bnt not until 
1870 was tliere auy trnstworthy aeeount of a jonrney across its central 
portion. At tbat time the région was the largest tract of ntiexplored 
conntry iu the Eocky Mountains. lu 1871 Dr. F. V. Hayden, United 
States Oeolngist, Tisit«d the région, aecompanied by a corps of ekilled 
ecieutilic assistants, inclnding geotogists, topographical engineers. and 
a pbotographer. His expédition was emineutly saeceasfiil, and imrae- 
diately attracted the attention of the world. It mnst always redoand 
to the crédit cif Dr. Hayden tbat hc ftilly approciated the esceptional 
character of tbe région aud the adviaability of its forever beîng held 
intact by tbe General Government. He laid the inatter before the Cou- 
gress of the United States, and upnn bis earnest solicitation the park 
was e.stablished.™ lu the orgiinic act of 1872, defining the park, 
Congi-ess declared tbat the réservation nas "dedicated and set apart 
as a public pai'k or plefisui« groacid tiic tbe beueiit aad enjoyuitiaC of 
tbe people." The wisdoin and foresight of those wbo at that time 
urge<l the withdrawal froni settlemeiit of tbis tract of land &om the 
public domain luvs never been questioned. 
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Silice tbe settiiig aside of the région as a national park, the U. S. 
Greological Survey lias done rauch towards investigating the natural 
phenomena found there.*** The park is under tlie care of the Secretary 
of the Interior, who is authorized to carry ont the provisions of the 
law, to make ail raies and régulations for its protection and main- 
tenance. The superintendent is a military offîeer, with headquarters 
at the Mammoth Hot Springs. 

The area of the Yellowstone Park*^ as at présent deûned, is some- 
what more than 3,300 square miles. The central portion is essentially 
a broad volcanic plateau between 7,000 and 8,500 feet above sea level, 
with an average élévation of 8,000 feet. Surrounding it on the south, 
east, north, and northwest are mountain ranges with culminating 
peaks and ridges rising from 2,000 to 4,000 feet above the gênerai 
level of the inclosed table-land. Beyond the mountains the country 
falls away in ail directions, the lowlands and valleys varying in alti- 
tude from 4,000 to 6,000 feet above sea level. 

The Oallatin range incloses the park on the north and northwest. 
It lies direotly west of the Snowy range, only separated by the broad 
yalley of the Yellowstone River. It is a range of great beauty, of 
diversiûed forms, and varied geological problems. Electric Peak, in 
the extrême northwestern corner of the Park, is the culminating imnt 
in the range, and affords one of the most extended views to be found 
in this part of the country. Archean gneisscs form a prominent body 
on the west side of the range, over whi(!h occur a séries of sandstones^ 
limestones, and shales of Paleozoic and Mesozoic âge, representing 
Oambrian, Silurian, Devonian, Garboniferous, Trias, Jura, and Gre- 
taceous strata. Immediately associated with thèse sedimentary beds 
are large masses of intrusive rocks which hâve pUiyed an important 
part in bringing about the présent structural features of the range. 
They are ail of the andesitic type, but show considérable range in 
minerai comiK)sition, including pyroxene, hornblende, and hornblende- 
mica varieties. Thèse intrusive masses are found in narrow dykes, in 
immense interbedded sheets forced between the différent strata, and 
as laccolites. The valleys are deeply scored by ice, and the rocks of 
the range may be found strewn ail along the Gardiner Eiver and well 
ont over the valley of the Yellowstone. 

South of the Park the Tétons stand ont prominently above the sur- 
rounding country, the highest, grandest peaks in the northern liocky 
Monntains. The eastern face of this mountain mass rises with unri- 
valed boldness for nearly 7,000 feet above Jackson Lake. North ward 
the ridges fall away abruptly beneath the plateau lavas of the park, 
only the outlying spurs coming within the limits of the réservation 
For the most part the mountains are made up of coarsely crystalline 
i51 GB 22 
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gneisseB and Bchista. probablyof Archeiiu âge, flankedon tbe nortlieriL 
sparfi by tipliftetl Paleoznic rocks. 

Eaet of tiio Tetoos, across the broad valIey of the lTp])er t^iiaktv 
geiierally knowii as Jackson BaHin, lii-s the well knowii Win»l Itivcr 
range, famoiiB &oin the eiirliest days of Hiicky Monntaiii trai)i*ers. Tlie 
nortbern end of thia range ie largely composed of Meaozoîr stratji, single 
l'idgea of npper Oretaceous eandst'ine i>enetrati»g still fnrther nnrth 
into tlie régions of the Park iiutilburied beneath maâaiveflows of InvH. 

Aloiig the entire eaët eîde of the Park strett'bes the Absaroka range, 
80 caDod from tho Indian nanie of the Crow Nation. Tbe range iw in- 
timat«lycounectedwith tbeWind Eîverrange, the two beingsoclosely 
reldtcd that auy Une of séparation innst be drawn more or lesn arbi- 
trarily, biu^ed moreupon geologicaletrueture and forma of eroaion thau 
iipiiu any elearly defined physioal bniitatioiis. Tbe Absarokas (ttivlch 
for more than 80 miles, a rngged, uiibroken niountain mues, witbootany 
good pasB acros8 them. They bave alwsysstoodajj a formidable barrier 
to ail western progress, and to-day are only eroased by hunter» and 
moimtaiiieers by one or two daugeroua trails knowu to but few. AU 
the upper portion of the range is formed of eruptive rocks that bave 
poured ont in sucb enormons masses as to conceal an earlier range mode 
up largely of Mesozoic and Paleozoic strata, exteoding iVom tbe (.'am 
briau tu tUe Upper Cretaceous. The latter are seen ail along tbe east 
bOHO of the range, and at the northern end in Clarks Fork valley, and 
in the Park at the jiinction of Soda lîntte ereek and the Lamar river. 

At the Dortheast corner of the Park a coufused maâs of moantaina 
connecta tlie Absarokas with the Snowy range. Thia latter range 
abats in the park on tlie north,and is au equallyroagb région of coan- 
try, with elevated momitalu masses covered with snow the greater part 
of tbe year, as tbe name would indicate. Only tbe aouthem sloi^ea, 
which rim iu tbe Park, bear upon tbe geology of the région. Hère tbe 
rocks are mainly granités, gueisses aud schists, with sedîmentary beds, 
for tbe most part, referable to preCambrian séries. They are in greot 
part overlain by Tertiary lavas. 

Tbe région bas beeu one of profound dynamic action aud a center of 
mountain building on a grand scale. So far as tbe âge of thèse monn- 
tains is (roucerned, évidence goes to sLow that npheaval waa contem- 
poraneoQB tn ail of tliem, iind coineidcnt with powerfal dynamic infln- 
euces which uplifted tbe nortli and sonth ranges stretching acrosa Colo- 
rado, Wyoming, and Montana. Thèse dynamic movements blocked 
ont for the most part the Kocky Mountains near the close of the Cre- 
taceous, although there is good reason to believe that in the re^on of 
tbe Park profouud faulting and displacement continned the work of 
mountain building iiito luucli later time. By tbe building up of thèse 
mountains a depresscd basiu was formed, everywhere inclosett by high 
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staâying the oatlioe of tlie old cmter, tog«ther with the o^mimsitiou of 
ite lavas, ite tnie origin and Uistory tnay readily be inado out 'Hns 
older cnit«r haa, as yet, received uo spécial désignation, but when onr 
niaiis and report» are tinally pabti&bed, tliis ancient geological miu 
will receive an appropriât^; desigiiatiou. This old volttano occupies a 
promiiient place in the geologieaJ development of tbe park. aud dat*s 
back to ttie earliest outbnrsts of lava wbicli bave in tbis région cbaoged 
a depressed basîn into an elevat«d plateau. We bave beie a volcauc 
Bltnated far inland, in au elevated région, in the lisait of Ibe Koeky 
Mountaiue. It lie» on the east«rn side of tbe coutiuent, only a tew 
mileB from the greut continental divide whicb seuds ite waters to both 
tbe Atlantic and Pacifie, 

After the dying ont of the andesitic lavas, foHowed by a long pprifwl 
of érosion, immense volumes of rbyolite were ernpted wbieh not oiily 
threatened to flll up the ciater bnt to bury tbe outer walls of the 
volcono. Ou ail aides tbe basic lava slofies were submerged beneath 
tlie rhyoUte to a height of from 8,000 to 8,500 feet. Tbeae great flows 
of rbyolite di<l more than auything else to bring aboat the promeut 
pbysical features of the Park table-land. Bnt few large vents or cen- 
ters of éruption for the rliyolite bave been recoguized, tbe two prin- 
cipal sources beiog the volcano to which référence has already been 
made, and Mount Sheridan, a voloano iu the southern end of the park, 

Moaut Sberidan stands unsurpaased as a commanding peak, risin}; 
grandly abovi' tlie çencral level nf the plateau, with au élévation t>f 
10,200 feet above sea level and 2,600 feet above Heart Lake at its 
eastem base. From the snmmit of thia peak on a clear day one may 
overlook the entire plateau country and the nionntaius vhicb sbnt it 
in, while alniost at its base lie the magnificent lakea wbich add so 
mnch to tbe quiet beauty of tbe région, in contrast with tbe mgged 
scenery of tbe mouutains. From no point is the magnitode and gran- 
deur of tbe volcauic région so impressive. 

Taking the bottom of tbe basin at 6,600 feet above sea level, tbese 
acîdic lavas piled up until the accamulated masB m^iasared 2,000 feet 
in thickness. In noue of tbe deep gorges Uke the Yellowstone, Gibbon, 
and Madison canyous, are tbe nnderlying sedimentary rocks exposed. 

The Park plateau, built ap of rbyolite Sows, embracea an area 50 by 
10 miles, with a mean altitude of 8,000 feet. Strictiy speaking, in tbe 
common acceptation of the vord, it la not a plateau ; at least, it is by uo 
means a level country, but an undulating région characterized by bold 
escarpments and abrupt edges of mesa-like ridges. It is accident«d by 
sballow basins of varied outliue and scored by deep canyous and 
gorges, The rhyolitos rest iigainat the steep slopes of the Absarokas 
and bury the northerly spurs of the Wiud River aod Teton ranges. Ou 
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tbe ice trom tbo samuiit of tlie Gallatîn range Dioved eastvard ncrosa 
Swan Valley and pasgiug over tlie t^ij) of Terrace luouQtoin joiiict) ttie 
ice flplii comiiig frora the east. The imited ice sheet plowed its way 
Dortliwanl dowii Gardiner vallpy to the I.ower Tellowstone, whei-e tlie 
broud viilley roay be seen Btrewu witb tbe material transported froin 
botb tho east aud wcst rim» of tbe l'ark. It bas beeii Damed tbe VH- 
lowstoDo glacier, 

A second pfiwerful glacier nioved aouthwird over tbe plateau itiid 
dovn the broad valIey of tbe Siiake, leceiviiig a namber of tribtitari«M 
from botb tbe Wiiid River and Tetoii ranges. 

Bince tbe biiililingupof the Parle plateau, glacial crosiou ba« (^reatly 
modihed îdl surfHce featine» of the Park. It bas broadentwl and deep- 
ened procxistiiig dr;i.iii;i.t;e cbiiuiiel!*, opened new waterways, and cnt 
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magniflceiit gorgeit in the rhyoIit« plateaa. Sncb gorges as the Tel- 
lowstone, Gibbon, and Miulison canyons, in the strictast sensé of tbe 
Word, bave ail been carved ont in récent time. Thèse canyons are 
several miles in leiigtb aud frotn 700 to 1,100 feet in depth. 

To the geoIogi»t one of the most iinpressive objecta on the Park 
plateau is a traiisjiorted boulder of granité whicb rests dlrectly npon tbe 
rbyulite near the bank of the Graii<I Canyon, about three miles below 
tbe FiiUs of tbe Yellowstoue. In stands alone in the forest, miles from 
tbe iiearest glacial boulder. Glacial détritus cairyiDg granitic material 
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of tbese calcareous deposits from tlie hot waters wbich hâve given tb 
uanie to the mountain. Lyingupon tbe sarface of this travertine o 
tbe top of tbe mountain are foand glacial boulders bronght from the 




sommit of tbe Gallatin range, 15 miles away^ which hâve been trans- 
ported on tbe ice sbeet across Swan valley and deposited on the top ol 
tbe mountain, 700 feet above tbe intervening valley. They offer tbe 



strongest possible évidence tbat tbe travertine is older than the glacie 
wbicb bas strewn tbe county with transported material. How mac 
travertine was eroded by iee it is, of course, impossible to say, but se 
friable a material would yield readily to glacial movement. 

Tbe number of bot springs found in tbe Park exceeds 4,000. If te 
tbese be added tbe fuma rôles and fissures, from wbich issue in th 
Skggregsite enormous volumes of steam and add vapors, the nom 
of active vents would be more than doubled. There are aboufr 1 
geysers in tbe Park. Between a geyser and a bot spring no shar 
définition can be drawn, altbougb a geyser may be defined as a ho 
spring tbrowing, witb intermittent action, a column of water an 
steam into tbe air. A bot spring may boilîncessantly without violen 
eruptive energy; a geyser may lie dormant for years without an 
explosive action aud again break forth witb renewed force 

The thermal waters of tbe Park may be classed under three heads: 
first, calcareous waters carrying calcium carbonate in solution; second, 
siliceous acid waters usually carrying free acid in solution ; third, sili- 
ceous alkaline waters rirh iii dissolved silica. 

Calcareous waters are eoutined almost exclusively to tbe Maramoth 
ITot springs, wliere tliey hâve biiiltnp enormous deposits of travertine 
witb only traces of salts ot* ma<j^nesia aiul alkalies. Tbe travertine cou- 
tains from 95 to 91) ]>ereent ot" ealeiiim carbonate. Tbe Mammotb Hot 
sprints lie just nortb of the northern esearpment of tbe Park plateau, 
and while they break ont in ('lose proximity to rbyolite bodies and 
undoubtedly receive their beat from voleanic sources, they reaeb the 
surfiice through Mesozoic strata, whicb bere form tbe surface rocks. 
Jurassic and (retaceous limestones bave furnisbed tbe lime beld in 
solution and preeipitated as travertine. Witb a few insignificant exeei>- 
tions, only silieeous waters are found issuing from fissures in tbe 
rhyolite rocks, from which they dérive tbeir minerai contents. Acid 
wat(»rs may usually be recognized by efflorescent deposits of alum aud 
soluble salts of iron, and frequently by the i)resence of délicate crystîils 
of sulphur. Tliese acid waters possessan astringent taste. Altbough 
f<»r less common than the alkaline waters, they occur scattered over 
the plateau at a number of localities and may be found at tbe High- 
land sjuin^s, on the west slopes of Mouut Wasbburne, and in the 
Norris Basin. Alkalin<^ sprints présent more of gênerai interest thaii 
the acid waters, as it is only in connection witb tbe former tbat the 
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ITINBRARY OF THE YELLOWSTONE PARK. 
Hy AXKULIi IlAGttB. 

Ciiiiialiar to MniTimiitli Hot Bpringa "^ " 

M^omorli Ilot Siiriii^B toKorriH Geyser BMin 2^^ 

Norriii (Inywr BoaJn to Lowcr Ooj-ser ItoMn T^^ 

Lvwer Upyiwr BmI» to Uiipcr Geyier Basin ^^ 

npper CitfyM^r BMin tu YcIlDWBtone Lake 3^ 

YfllIowRluiin L»ke t« Yellowgttuio Folls U* 

YciliowstniMi ï'bIU to Hnmroutli Hot Sprinta Iff 

Hajnimitli Hot Spring» to rinonbar 7 

At ('iiiiialMU' Station tbe travelem leave the railway and contiiiun 
tlivir Jniirney for ttie next fetr day» in st^iges. Tlie road follows tlK 
YelluWHtone river to Gardiuer, tlience np the Ganllner river to tbe 
Mamiiiuth Ilot spriugs. Tlio nortliem bouudary of tlie Ycllowittonf 
Parle [)»Mes eastand west throngli thojouutionof tbu YpIlowKtuniïitnd 
Gardliter rivera. Abont one and onehalf miles beyoïid, tLe boniiduT}' 
liuebetwiien tbe Statee «f Montana and Wyoming is cro«sed, BiiUf- 
ing tJie l'atk tbe road followM the river, witb tbe loug epars of Mount 
KvHi'ta un the lelt and tbose of Sepiilnbre niountain on the \\^<X- 
Motint KvarW, whicb rises li.tHH) t'ect ahove the streara, aS'ords ai» 
excellent expo»ure of Middle Cretiiceoiis sandatoties and shales dippiu ë 
awfty iVom tbe river. lyoaviu^' tJie river the road croies sjj aneiei»* 
triivortino (1e)K)ait, and asceuding a Bteep hill reachea the Mammoth Ho^ 
BpringH hulel, situated on tbe flnest of tbe travertine terraces. Trav»!- ' 
erH genendly rcaclitho hôtel abont bood, and tbe remainder of thedb-:^ 
ia 8[>ent in examining the hot springs and terraces, and the geologic^*^ 
foutnreit in tbo iieighborhood, Several days might be spent bere wit^^ 
pnitit, vitiititig objects of interest witbin a radins of ID miles of th-^^ 
springa. 

MAMMOTH HOT SPRINGS. 

The Mammoth Hot Springs deposits constat entirely of travertàne^'^ 
derived fh>m waters heavily charged with carbonate of lime. Ta^^ 
total area covered by travertine \» abont two sqnare miles, occapyiDg ^ 
narrow valley lying between Terrace and Sepulchre moantaîns. A 
continuons deiMJsit exteuds froiu the Gardiner river to the top of 
Terrace monntain, a vertical distance of nearly 1,400 feet, the width 
and dei)tb of tr.ivcrtine <lepetiding a[M>u the form of the original 
valley. The top of Terrace monntain lies about two miles back from tlie 
river. On the north side of tbe valley, Cretaceons and Jnrassic rocks 
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ina.y t»e seen rising abmptly from beneath tbe travertine which resta 
a^^S Ti st them. A séries of terraces extends nll tbe way from tbe river 
to "fclie top of tbe monDtaîn, eigbt of «bicb are well-deflned bencbes 




■"» Jto.j.-UBjka. 1XLL0)VSI0N£ SATIOSàL FÀBK 
T^^ ïnore or less level âoors and steep slopes facing tbe open valley. 
7*^*> from any commanding poiut of view, tbîs séries of terraces, 
'''^l-osed witbin a moontain gorge suggeats tbe tertnioal front of a 
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rnoontaiu glacier. The Ilotwl terraco ia tlie broadest of »U tbe ti^rraces, 
with aa area ov«r 83 acres in extcnt. It is aituated 500 feet above tlie 
river aiid froiii it jLiost of Mia otiiers are iu full «iglit. AU actire 
springs are foaiid eithci- iiiMin Mie Ilote] terrace or upun tlio»» tiigher 
up tho vallcy. The mimber of active spriiigs may vary from year t« 
year, wime becoming extiiict, wlillc ncw vents are opened. Tlie teiu- 
lieratiire of tlit springs ranges from (iO^ to 165^ F., m ail of whicli 
algii^ bave becn found growing. This peeuliar végétation plays an 
iniportiiiit piirt in tbe formation of travertiue by tbe set'retioii of lime, 
aiid œuch nf tbeexqaiflite beauty of Mie gprîngs and brilliancy of color- 
iug i» proclueed by tbese low fomis of plant life." 

Tbe principal objecta of iutere>ït are the extinct springs, Liberty Cap 
and tbe Tbumb, on the Hôtel terrace, and sneb active springs aa Piilpit 1 
Basins, Marble Basina, and tbe Bhie spriiig, on Main t«rraee, and «till 
bigber Uleopatra's BowI,Cupid'8 Cave, and the Orange upring. There ■ 
are also innumerable email caves and assures, eacli having s;>ecial fea- 
turesof iuteresl; some of the caves eontain carbondioxidein safficieut 
({uantity to be dangeroos Ut animal life. Tbe largest active springsans 
eentered on Main terrace, SJ acres in estent aud 250 feetabove Hôtel Wr- 
race. lieantiful elear pools abound, the largestof whicb isnearly lOOfeet 
in dianieter, with a température of 13(1=' F. Bine springou thistemir» 
iH perhapB tbe most interesting nf ail in its phenomena of CravHrtim^ 
déposition. The building np of travertiue in a séries of small baniin^ 
nue tibove tbe ofber, tbe delicaey of roloring ft-om alf^ourt -.Towlb, ainV 
the overâow of bot water are admirably sbown, Tbe spring bas a teDB-' 
perature of 165° F. 

Over the greater part of tbe travertine area bot springs hâve loi»-£ 
since ceased to âow, althongh they may break oat anew at any tûn.'^ 
Where they bave long lain dormant, tbe spring deposits are now «)■•* 
ered by a coniferous forest. In some instancea the trees bave be^^' 
killed by fresh outflows of bot water, the dead and bleacheâ tranks ati J^ 
standing with their roots buried in travertine. 

Sepnlehre mountain, to the northwest of Mammoth Hot spriog^^ 
stands ont boldly as a volcanic peak, on the northem bonndtuy of th^* 
Park. It consists of flows of compact andésite and breecias Blretchin^ë 

iu long gentle slopes toward the Yellowstone and Gardîner rivera 

Thèse spors exhibit a saccession of ice-carved benches, tbe Bor&c^^ 
being strewn with glacial débris from the Qallatin Monataius. 

Mount Evarts on tbe eaat and Terrace moantain on the vest sbot in '- 
the Maniiuotb Hot springs on two sidea, the former by a bold wall 
rising abruptly above Gardiner river and the Istter by long gentle 
slopes iuclined toward tlie river. Facing tbe basin on the soath rises 
a grand escarpmcnt of volcanic rocks, tbe northem edge of the Park 
plateau, stretching from tbe bead of Lava creek westward as far as 
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t of ÏU iwcnliarities or strue- 
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1W cfii tlM» m BM*^ Totinl walk frinn I.ïO m 2(i0 fcvt above tlu 
■tiM b hashM» Kw — < br » av&cc ttov brvafcîug ont and nU' 
■tac Mvr A» rtiyvlM ptdMa. twnv^ as am of aboat lO square 
■àtak. Tfc> «fciiBM it ■ —tarai tfaa», tfcc wolt of rapitl opoling frpni 
■ tmaeà WÊm «T fticMr màA lan, mmi kas aucli the sam« cbeinical 
caapMiliM ■* tbt fht— thjafite. On tbe snrfiM», st the aorthen 
«■4 «r tibr «fiC, ît gra Ji ÎM» p«wee and litboidal rbp^Ute. 1 an 
ùmMwA t»3lr. Jjilffc P. Udia«i, «^ bas aiade a carefUl tttady of 
Obôdiw CK^ fer thc Mbmae MCe: 

1W MtaMMV i* M I M « tA tfaa wthir ii ad of Oc riiff i» parUenlkcly irell dml- 

ortbwanl kloug ilu 
■ fffeMM «r atjT iflWMfi ^ MOU be atadi«<I in ai», 
0» tb> ky af Iktt pi MN M . t» Ife* «Ml, tiM «MM •btUian pMses nptiri inl» 

tkw li> b« obsHTnl in tbe n>»uu< detuL Tbe perfection of the lïthophyw >ii 
»pb«nilit«s, «hI th« rirhacae of the BUCTOscopic aphanlitia growths constituK it^*" 
BK«I impvrtkci peltugraphit^ feotuir. 

Thr luniutivD »f the lithoidal pMtioa of tbe Maa» and tbe geo«t>l IbumUit di»' — 
irihaiiuD of JitTrcptit kinda of ctnclaie. as well aa of tbe gaa babblea ia the vtRO*-" 
lar uni panùcnHU parts of the sheei, faminh Talaableerîdetice aa to tbe agent M^>^ 
active in ptvcnotiu^ ih* tuîoos kinds of cr^rMaDitatioo in this and aimilai ibj''^^ 
lilîï lavais. Thb ii^ot vad Dndoabledlj vater-Tapor.'' 

A short distant soath of Obâidian CBff lies Beaver lake, acrO^ 
whivli are several «lams kept in repair by bearers who inhabit i*-" 
\rat«rs. Since tbe rigid protection of game iu the park the beaver a^ 
r.tptdly incre^sing in namber, and several of their bonaes may be se^' 
iu the lake. 

Shiirtly after passing Beaver lake the rhyolite begios to ahoT tl^ 
ell'i-cta nf hydrothermal actiou, aud numeroas areas of rock decompc^ 
»itiou uiay 1>e observed on both sides of the roâd. 

Four miles sonth of Obsidian ClifT, Roaring moontain ia passeitf 
This is a bluff risiug ÔOO feet above the road and one of the hîghes'^ 
[>oiut»ou tbe lavaridge. It takcs itsname from the shril), penetratia^ 
souud of tlie steam constantly escapiug fromone or more vents locate^ 
uestr the summit, and on a calm day, or with a favorable wiud, thtf 



352 GEOLOGICAL EXCURSION TO THE KOCKY MOUNTAIN». 



geyser basins, altbough seldom on so extensive a scale. Encircling 
tlie Meadows, at the base of tbe hills, are a Dumber of local ceuterâ o 
tbermal activity from whicb large qaantities of hot siliceous waters 
drain into tbe basin. 

A short distance off tbe road, on the east side of the Gibbon meadows, 
and easily reacbed by wagon, lie the Artiste' Paint Pots. They coq- 
sist of a number of small springs of hot water reaching the sor&ce 
throngh brilliantly colored clays. Thèse excessively fine clays are the 
prodncts of rock décomposition by slow and long-continued processes, 
and the minerai matter held in suspension is the caase of the varied 
colors in tbe différent pots. In the white pots the coloring matter has 
been lea<;hcd out, leaving a pure white kaolin impalpable to the toach. 
The deep iiidianred pots carry finely comminated iron oxide, which, 
under favorable conditions, coUects in certain springs. The hillsides 
are brilliant with décomposition prodncts derived firom rhyolite in vari- 
ons stages of altération. 

From the Meadows the road foUows the Gibbon-river throngh Gib- 
bon canyon, the imposing walls of which nse in sheer cliffs 1,000 fe6t> 
above the stream. It is a grand exposure of rhyolite walls, exhibition 
remarkable forms of rock érosion. Tbe river makes a rapid descent, ai» 
at Gibbon falls, 80 feet high, flows over a fine example ofobsidian wo 
smooth by the rushing waters. Along the base of the canyon walls, i 
close proxiniity to tbe river, steam vents and hot springs mark tl^ 
course of thermal action. Béryl spring, on the west bank near tlip- 
northern end of the canyon, is worthy of attention trom the exquisi 
coloring of tbe constantly agitated water which has built np a delica 
rim of sinter encircling tbe pool. 

At Canyon creek the road leaves the Gibbon river and follcwB tb 
ridge of rhyolite on tbe east side. A short distance below hère, the Gi 
bon and Firehole unité to form the Madison, thelatter stream being on 
of tbe main tributaries of the Missouri. From a commanding point o 
the road a distant view may be had of the Madison canyon, extendin 
in an east and west Une directly across the plateau. The precipiton 
walls on the nortii side of tberanyon rise for 1,500 feet above tbe river.^ 
Madison plateau stretclies as far as the eye can reach, witbout a break^ 
beyond whicb bot h rhyolite and basaltic lavas ext^nd westward ovei" 
the great plains of Snake river. 

From tbe saine point of view, on a elear day, Mount Hayden, wliich 
is not only tlie eulniinatin^* point in tbe Teton range, but the highest 
peak in tins i)art of tlu^ llocky Mountaina, may be distinctly seen 60 
miles to the south, Descending a steep ridge over rhyolitic gravels, 
tbe road eonies out on tluî Firehole river, and after following the bank 
for two or three miles enters the Lower Geyser basin. 
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On the west side of tbe river, between the two large geyser basins, 
lies a small but interesting geyser région known as Midway basin. It 
is a dazzling white sinter plain, without tree or nieadow, the only relief 
to the eye being enormous volumes of steam rising from hot lakes and 
caaidrons. This basin contains the Excelsior, the grandest and most 
imposing geyser, and Prismatic lake, a singularly beaatiful sheet of 
water unsurpassed for brilliancy of color and exquisite beauty of its 
rim. Excelsior geyser throws an enormoas colamn of water, the more 
powerfiil éruptions emittiug a stream 250 feet into the air, measuring 
20 feet in diameter at the base and breaking into a fan-shaped body 
above. It rises from a circular cauldron of boiling, steaming water, 
the level of which lies about 15 feet below the surface of the sinter 
plain. The cauldron wall affords an excellent opportunity for a study 
of sinter déposition. The amount of water thrown ont during any vio- 
lent explosion reaches many thousand barrels, which, pouring over the 
edge of the cauldron, runs rapidly across the sloping plain and down 
the banks of the river into the stream below. The level of the Firehole 
river is frequently raised several inches, the water showing a marked 
increase in température for a long distance below the geyser. Fre- 
quently large blocks of sinter are hurled violently into the air by the 
force of the explosion. 

The bluff on the east side of the Firehole river, opposite Excelsior 
geyser, is rhyolitic pearlite, and from the top of the cliff, on a clear day 
and the wind westward, Prismatic lake may be seen to great advan- 
tage. 

From Midway basin the road passes a number of hot springs, but 
none of spécial interest until reaching the Sai)phire group, situated on 
the west side of the Firehole. It coutaius a number of small geysers, 
each exhibiting some iiovel feature of thermal action peculiar to itself. 
Sapphire pool, a large circular basin raised slightly above the sinter 
plain, has scarcely any rival among tbe marvelous springs along the 
Firehole. It closely reserables the Great Fountain in the character of 
its sinter deposits and overflow basin. The water is of the deepest 
blue and the température always stands near the point of ebullition. 
Near by are the Jewel, Silver Globe, and Avoca. 

For a mile along tbe river, before reaching tbe Upper Geyser basin. 
proper, there is a Une of bot springs and geysers, indicating a great> 
amount of thermal action aloug tbe valley. Among the most importantr 
may bementioned tbe Caulitlower, Gem, Artemisia, andMorning Glory— 
A good illustration of tbe difficulty wbicb may sometime arise in distin — 
guisbing a bot spring from a geyser is seen in tbe case of tbe Artemisia^ -, 
wbicb for a long time was supposed to be a quiet pool, but in recen^^ 
years bas exbibited ail tbe i)benomeua of explosive gey3er action. 



ftAotJKÎ tHE MUD VOLCANO. â57 

with steep slopes suggests a volcano, at tbe bottom of which are black- 
isb gray slimes, not unlike the mud thrown ont from many volcanoes. 
The country ail about is strewn witli clay pellets, showing that occa- 
sional explosive action throws ont the mud for considérable distances, 
although in most instances the force is only safficient to raise the clay 
to the rim of the caldron. Six miles from the Mud Volcano the hôtel 
is reached, near the outlet of the lake. 

YELLOWSTONE LAKE. 

Yellowstone lake has an altitude of 7J41 feet above sea level, is 
over 20 miles in length and of very irregular width, reaching 15 miles 
across its broadest expansion. It embraces an area of about 140 
square miles, and it requires a ride of 100 miles along its shore to 
complète the circuit. Rhyolites encircle the shores of the lake on aJl 
sides. On the opposite, or eastern side, the Absaroka range rises as a 
rugged mass of mountains, mainly composed of andesitic and basaltic 
rocks, the greater part of them being agglomérâtes and breccias. 
Similar rocks form the Promontory mountains projecting into the lake 
from the south. Fiat Mountain to the south and west of the Promon- 
tory is a broad inclined table of rhyolite. Mount Sheridan, which 
stands ont boldly to the southwest, is an extinct volcano from whose 
summits and sides hâve poured forth vast accumulations of rhyolitic 
lavas. Surrounding the lake on ail sides and extending back from 
the shore are broad benches of sand and gravel, the highest of which 
is distinctly marked at 150 feet above the présent level of the lake. 
This ancient lake bench may be traced along the cliffs in Hayden 
valley. On the beach along the west shore may be seen andesitic 
boulders from the Absaroka range that hâve been transported by ice 
across the lake in large quantities. On the arrivai of tourists a small 
steamer makes a trip around the lake, giving an opportunity for 
obtaining fine views of the Absaroka range, Mount Sheridan, the 
islands, and the imposing valley of the Upper Yellowstone. 

YELLOWSTONE LAKE TO YELLOWSTONE FALLS. 

In order to visit the Canyon and Falls of the Yellowstone the route 
follows down the river and across Hayden Valley in a northwest 
dire<îtion over an undulating grassy plain. The first object of spécial 
interest to the visitor is Crater liills, where there is a remarkable 
grouping of steam vents and solfataras. Thèse isolated hills, rising 
above the valley for 150 to 200 feet, are covered from base to summit 
with hundreds of steam vents, from which issue acid vapors depositing 
the most délicate sulphur crystals in innumerable cavities and fissures. 
Only a slight flow of water is visible at the surface, but at the base 
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of tbe largest liill and cluw Ui tbe roadside lies Cbroiue sprint;, * 
constautly boiling pool ol' the tuoNf délicate sulptiur-yGlIovi' tint. Two 
miles beyond Cratcr IiîIIh. Almn creek is again crossed Jnst bofore it 
emptieR into tbe YellowHt«ne, and a short distance northwiird the road 
leaves Hayden valley and follows tbe west bunk of the Yellowstone 
for three miles along pictaresqne rapids inclosed between walls of 
rhyolite. 

YELLOWSTONE CANTON ANB FALL8. 

The Grand Canyon liot«l, on the west side of the river, is situated on a 
glacial beni-h about one-quarter of a mile baek froui the canyon and the 
Lower falls of the Yellowstone. The Yellowstoue canyon trends to the 
nortb and uortheast, curving aroand an east ttpur of Moaiit Wash- 
burne, ita length from the npper falls to Jauction Butte being aboat IS 
miles. At tbe Lower falls the walls of the canyon measnre 7(Hl feet, 
and flve miles beyond, 1,04)0 feet, tbe widtb of the canyon varying from 
one-quarter to tbreeqaarters of a mile. Rhyolite forms the canyon 
walls whicb are more or less decomposed by bydrotbemial action, their 
color being due to varions conditions of oxidation of the iron. Where 
the greatest décomposition bas takon place the iron bas been leached 
ont, leaving a while kaotin-like material. A few hot springs may be 
seen st^aming in différent parts of the canyon, ebowîng that thermal 
action is not yet extinct. The gaily colored walls ext«nd about flve miles 
beyond the Lower falls, bnt below thia thi- rock is dark colored, still 
firesh and analtered. The Lower falls are 310 feet in heigbt, and inay 
be seen to the greatest advantage from Inspiration Point, oiie of tbe 
clifls which overlook the canyon below the Falls. Lookoat Point fur- 
nisbea another excellent point of view. 

Id foUowing tlie bridle path along the brink of the canyon one shonld 
see the massive glacial granité boulder (Fig. 15), oear where tbe side 
path leaves for Inspiration Point. 

One-balf mile above the Lower falls are the TJpper falls, 110 feet in 
height. âere the rhyolite is undecomposed, mostly glassy, and more 
or less spherulitic, and is well exi>osed ou Cascade creek, 

From tbe hôtel an expédition may be made to tbe snmmit of Mount 
Washbnrne which on a clear day commanda a view over the Park and 
the Absaroka range. 

TELLOWSTONB FALLS TO MAJOIOTH HOT SPEING8. 

Leaving the hôtel at tbo Falls tbe road climbs up a steep ascent to 
the top of Solfatara plateau, an extension northward of Central plateau, 
which was crossed wlien going from the bead of Nez Percé Creek to 
Hayden Valley. Tbe thermal action seen on Solfatara plateau is in 
every way similar to tbat observed at Uighland spriogs, bat is by no 
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«ize and, beiMimes au opiujue white tniiKs of siliia, wLose weigbt îs ks. -^ 
oiie per cent of its former state. Clieinical analysis shows tlûs dr il ^r" 
material to be silica and water, viz: 

SiO, 93.37 

H^O 4.17 

Or^anic mutter 1.50 

Expérimenta slii>wetl tlie writ«r that the growîug alga; foriu a. jO'f- ^ 
of hj'drous silica; it i» of thi» uiaterial tliat tlie alg» âlameiit» it»-^ 
formed, and tlie aljr:!' slime of otber waters is liere a bydroiis BÎli<:^=^ 
biiuUtig tlie threuds togotber. The natui-e of this séparation m.£^^-. 
be seen under tlie microscope, tboiigh the frcsli bydroas silica is di *^t 
cuit toatudy, aud thedried material becomes opaqnc. In most eas-^^ 
the glassy rods eau be readily distinguished and the inclosing pasi'^t: 
usiially shows globules aiid pellets of the dehydrat«d silica. 

The proeess of siuter formation isbestillnstrated, and ita impurtat&<:^^^ 
most apt tfl be appreoiated, by an eicaniination of an area eovered by 
large and constant overtlow, sach as that &om the Black Sand wlio^^ 
connected ovei-flow pools are knowu as Spécimen lake. Ilere bl^ 
algœ growiiig in the watera lapidly chokc up tbe cbannel and cai»^*- 
the main siipply to be divertcd. Basins are formed by tbe alg»*^:^ 
growths, and in them pillars grow up from the bottom tliat are ofteu - 
fuot in height. Thèse increasing in number linally iill the x>ool, th^^ 
tops reaching the surface coalesce and roof over the basin ontîl t 
wjiter8,becoiningrhokMl.swkr,ttifi-(nith-ts, Tln' fii'-nlinil 
this supply of water causes the final death of the algie. In the cc^* 
waters that âll the space between the pillars the hydrous silica begi;^^ 
to harden. Aided by the acids of the decomposing vegetable matt'^ 
this proeess is qnite rapid, and more silica is separated from the co-^V 
wat«r to form a coral-like coating, and finally the former soit algo^^--- 
jelly becomes a hard and firm rock. Eventually diversion of the h^^ 
vaters builds up aiiother growtu npon the old one and tbns the cha^^ 
nel, swingiiig arouiid from side to side, snccessively forma new basin-»- 
new growtlis, and new deposits of silica. 

Every step of this proeess hasbeenpatientlystudiedformanyyeartf 
In tbe majority of cases it is less easy to recognize than at Specimer 
lake. In the channels tbatcarryoff the water ejected firom Old Faitl 
fui geyser, for instance, a différent species of algae from that bnildioj 
up the deposits of Spécimen lake forma a velvety furze upon the chi 
nel âour. Its color is a brilliant orange to a cedar-red or dark seal 
brown, depending upon the température. This species, identified 
Calothrix by Wollc, forma a delicately fibrona but close-grained sinter^ 
qnite unlike tlie coralline masses of Spécimen lake. The tangled silk^ 
skeins seen hoatiug in tbe ovcrflow of tbe Giantess and other geyser^ 
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[By Walteh H. Wekd.] 

At LiTinj^tott the raiiroad leaves the valley of the Tellowstone »^^^^ 
paseea due weat up the valley ol Billinau Creek over Liviagstoii be«^^^^ 
whose soniber siiodstoiies form tUe ridgeâ ou either aide. At Coal Sp "-^^^ 
a brauch Hue ruu.s up Coke creek to the niines and oveos of Cokeda^ ^ 
wbere tbe Laramie coal «eams are esteuaively worked," a pla<^^^^ 
where the relations of the Lammie and uiiderlying Cretaceous to th "^ ^ 
Livingstoii beds are aplendidly exposed. A dike of aiialcite baaa C-^, 
may be seeu eutting the Livingston beds in a hill north of the railroa*^^^ 
a short distance heyond Coal Spur. Prom this point westward th-^^^ 
ascent is very 8t*ep, 1,000 feet (.305 m.) in 12 n[iile3 (18 km.], to the Mui.^^ 
tunnel, by whieh the lailroad crosses the divide between the watera o:0^ 
the Yellowstoue and the Missouri. Emerging from the tanuel, ca^ 
throiigh the Livingston rocks, the raiiroad enters a mouutain valley, 
passing tho stiition of Timberline, where a narrow-gaiige road runs Uw 
coal mines in Larainie rocks, two miles to the sontiiw^ard, that supply 
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iiamber aie foiiud in Montamv. It« «lepo^ita were lurgely dérive»! fttitn 
eliowivs of volcaiiic dust, wbich, fallîiig iato the qiiiet wuters ol' tbe 
lake, were arrangea in bctts of very pnn; diist some 20 foet (6 m.) in 
Uiickiieas. Above thcso. is a very considérable tbickncsa of beds. 
evideiitly mmle up froni tbe saine matériel, wbicb was wuHbcd into tbe 
lako fnmi tbe sborea ami (turnianding countiy atid rearranged ia beds 
ofa nisty (!ob>r. 

At Central Park tbe rnilroml crosscH the Gallatin river, whose bead- 
brancbes bave tbeir soni-ce iii the uorthwestein eomer of tbe Yellow- 
stone Natiunal PHik. 

Froin Central Park to Logan allaviiiui and Quateniary graveK rest- 
ing un lake beda, are v^^Bed over. As L(%an is apiiroached very good 
exposures of the Paleozuic and Algonkian bcds aie seen acnMS tbe 
Gallatiu river on tbe rigbt, and tbe road passes tbrongh a eut in the 
former just before reacbing Li^an. Immediately opposite Logan, on 
tbe nortb side of tbe Gallatin river, there is a fine cxi»osQre of Carabriau, 
Devonian, and Carbonii'eroiis limestoues in tbe bluffs tbat rise troœ 
the water'a edge, 

A few outcrops of tbe Paleoxoic are noted on the left side, bat tbe 
road soou contes ont on tbe lake beds after leaving tbe Gallntin river 
below Logan. Thèse beds are also well Hbown borderiug the eaat side 
of Madisou River valloy just before Three Porks station is reachod.- 
Tliey also show, in tbe distance to the soutb, bctween Three Porkiau«3 
Willow creek. Tbe Mailison river is erosscd just before tlie Tlire-^ 
PotkB station is reached. Tbo Three Forks valley, at tbe lower eaA c^» 
whieb tbe Gallatin, Madison, and Jeflferson rîvers unité to formtk 
Missouri river, is one of tbe most interesting geographical points 1^=^ 
Montana. Thèse streams were named by Lewis and Glarke, whofir^^ 
saw tbi» valley in July, 1806, on tlieir way to the Columbia river aii"^ 
tbe Pacific coast. 

Ou tbe nortliwest or right side of the Jeflferson river above Thn^* 
Forks tbe bills are niainly of Cambrian, Devonian, and Carboniferoa^^ 
the AlgonkiaTi beds formiog the lower foothilU farther ap the river. 

A short distance above Willow creek the road passes througii ^ 
canyon, almost two miles in lengtb, wbich the Jefferson river has ci^^ 
tbrougb Carboniferous limestones. At tbe entrance to this canyon,"» ^* 
tbe nortb side uf tbe river, stands a butte of basait. 

Prom tbe canyon tbe road comes out into tbe alluvial valley of tl>— "* 
Jetl'erson, in wbich lies Sappington station. On the left (soutb) tl» ^ 
bills or mountains are inainly of ('arboniferons rocks. On the rigl^ 
(nortb) tbe nearest small ridges are of Jura, Trias, and Cretaceon^^' 
Above Sappington tbe Jefi'erson river ia erossed and tbe roa<l ent^rs ^ 
second canyon cnt in uppcr Csirboniferons and Jura-Trias rocks, fro«ï* 
wbicb it émerges into a narrow valley in whieh the rocks are of Cret-^^ 



368 GEOLOGICAL EXcrKSlON TO THE HOCKY MOL'XTAINS. 

BiiK^e 1864, wben t1ie towu wits tirst fuiiudml. Tlie oarliest large min- 
iiig opérations wcre iii tLa silver iDiiinH; tlie Aliw, Moultoii, and Lcx- 
iiigtoii mines being tbe raost prnmiiieiit. Tlie lattei* was pnrchaseti in 
18S1 by tbe "Sot-it'l*' Anonyme des mines de Lexiiigtou," of Paris, 
France. During the last décade tlie copper mineB hâve grudually 
iiiereaspd iii iiiipnrtiiiice. and witlitn tlie pastfewyeai's the value of tlie 
copper pi-odu<'ed Las far exeeeded tliat of Bflver. Tho production for 
the year 1890 was : 
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Tlie city ia fituated on the sontherii alope of rounded granité hills, 
included within the angle of ailverbow ci-eek as it flows Urst soutJi aiid 
then west. It lies jiist east of a round conical hill, known aa tbe 
"Butte," from whieb it takes its naioe. The greater jiart of tbe silver 
aud e*)pper mines lie in tbe lilll» back of and north of tbe eity ami lu 
the east of tbe Butte, but a few important eilver mines, cotably tlie 
Bluebird and tlie Nettie, are aitnated a few miles to the Treslvanl^ 
beyoud the Batte. 

Of réduction works for extracting the uietala from their ores, tl)« 
Btanip inills nve geuerally loc^ivted un tbe hills near tbe mines, wbile ll> ^ 
several smelting works lie in tbe valley of Silverbow creek. Tl»^ 
smelling works of tbe largeat copper mine, the Anacouda, are situâtes^- 
27 miles (43 km.) to the northwest, wbere a town of the saine tiame., ** 
severa! thousiind iiibiibifjints, bas been bnilt around them, whicli *■* 
connected with the mines by a railroad. 

The geological formation of the district i» ahmist entirely of gr:in * 
and rhyolite. There are two varieties of granité. The most wi(^^k^ 
spread variety, which forma tbe country rock of the mines around t; -^^. 
city and to the east of "the Butte," is an unusually basic rock, carC"^^^. 
ing a relatively large proi)ortion of plagioclase feldspar ; its ba»ic mC 
erals are mica, hornblende, and augite, and mucb of the LornblenC 
appcars to be only a paramorphic altération of angite. Tbe oth* 
griinite occurs to the west of "the Butte" and forma the prineips 
country rock of tbe Bluebird, Nettie, and otber mines. It ia a ligh 
colored rock nnd cousists almost exclusively of quartz and orthoclatf 
feldspar, witli a few minute grains of biotite, At its contact with t 
Butte granito it is found to send veins into it and inclade fragments c 
it, aiid is lience assunied to be of later âge. The Butte itself consista 
of rhyolite, a liue-graiued, granular rock coiisisting of quartz, eanidinë 
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structure exista. An acid lava (rhyolite) forms the bed of the stream 
and is overlain by a sheet of basait. 

A short distance above Shoshone falls are the Upx>er or Twin falls, 
about 180 feet high, which drop from a cliflf formed by the two lower 
sheets of basait. Eed tuff and volcanic agglomérâtes are foond in 
places between the successive sheets of lava. 

A hundred miles or more fîirther down the stream the basalts hâve 
been observée! to rest directly on sedimentary beds of récent âge, 
probably deposited in some inclosed fresh-water lake. Other cascades 
and falls are known to exist aloug the course of the Snake Biver, but 
its canyon has never, so far as known, been foUowed continuously, and 
their number and its extent is un known. The stream is unusnally 
rapid for its size, in spite of thèse many leaps in its course, and is cut- 
ting down its bed very fast, though yet far from reaching a baselevel 
of érosion. From longitude 112o W. to longitude 117o W. its total 
descent has been about 2,500 feet (762 m.). 

GREAT s ALT Li.KE AND LAKE BONNEVILLE.*^*^ 

By G. K. Gilbert. 

A large district of interior drainage, lying to the west of the Wasaté 
mountaius and the Plateau région, is known as the Great basin 
It includes nearly the whole of the state of Nevada, the western half 
Utah, aud smaller portions of Idalio, Oregon, and California. It 
naturally subdivided into a number of smaller basins, from o^icb 
which tlic entire product of precipitatiou is evaporated, so tbat tli^ 
is no discharge to the océan. In most of the basins there are no p 
manent lakes, but teniporary lakes are produced by the waters of ea 
gi'eat storm. In a few basins there are permanent lakes with sali 
waters. The largest of thèse is Great Sait lake, which receives t 
waters of the Bear, Weber, and Jordan rivers, and has an area of abo 
l,80(isquare miles (4,500 sq. km). The extent and depth of the la 
are detemiined by the balance between inflow and evaporation. 
years of great rainfall the surface of the lake rises, and in dry years th 
waters recède. During the past thirty tive years the water heiglit h 
several times oscillated throu^h a range of 11 feet (3*3 m.), and it is no 
(1891) near its lowest observed stage. The salinity undergoes corre 
pouding changes, being greatest when the lake is low. The solid cor 
tents now amonnt to abont 20 per cent, of which four-fifths is sodiui 
chloride. Sodium sulphate is naturally precipitated by the cold of eac 
winter, and aftcrwards redissolved. The lake is very shallow, having 
mean de])th of 13 feet (4 m.) and a maximum depth of less than 40 ïv 
(12 m.). It is inliabited by a brine shrimp and the larva of a ily. 




/ 




The mountaîns of the Great basin are, in large part, carved from 
orogcnic blocks iiplitïed alung fautt plauee. The displacements, which 
were probably iiiitiatetl in Mesozoiu titne, were coutiuued iluring varî- 
OU8 Cenoxoir epochs, aiid are now in progrès». The st^^eper faces of 
moet of the tuoantain ranges are raggecl e^arpments prioiart]]' dne 
to faïUting, and at thoir bases are freqneutly to be fouud smaller 
escarpments of ao reccut date that the traces ofsnbseqaent érosion are 
«carct'Iy perceptible. In 1872 the production of Hiich a fault scarp 
alotjg the baso of the Sierra Nevada waa accompanied by an earthqaake. 
lu cuuuection with the earthquake in Sonora, Mexico, in 188J>, other 
m;ar[»t were produced. In the Sait I^ke l>asin there ia no iiUtorical 
record of tlieir formation, but mauy of theni inteTsec^t the beaches aud 
deltas of the Boitneville shores, and Borne are so fresh thut végétation 
(loes not yet clotbe theni, and it is hard to believe tbeir antiqnity is 
uieasured by centuries rather than décades. They havo l>een fotmd 
along tliù bases of a doi^en ranges of the Sait Lake basin, bat ttieyure 
most persistent and hâve greateat niagnitnde at the western Imae of 
the main ridge of the Wasatch chatn, where they hâve been traoed 
almost contlnuously for a hundi-ed miJcs. 

An a great orogenic block. separated from annther by a fanlt plane, 
rises, the dt^'bris resultiug from its sculpture is thrown upon the block 
beyond the fault, and reats iis an alluvial bauk against the cliff i>roduced 
by the faulting. When subséquent movements occuron the same fault 
plane they are snperticially manifested either in the alluvium, or atits 
plane of junction with the rock. The forma of the alluvium, being 
determiued by the laws of fluvial déposition, are regular, and the cliffs 
produced by the fautting are tbus reudered conspicuous and numistak- 
able. Soinetimes a single scarp is seeii to cross an alluvial sloi>e, rising 
and falling as the slope rises and faits; sometimes two or more scari)s 
are seen to run parallel to each otiier, aud in such casetheintervening 
surfaces of nlluviinn hâve new attitudes, theirtendency being to incline 
toward the mountain face; sometimes a wedge of alluvium bas fallen 
int» the fissure due to faulting, so as to produce a trench on the alluvial 
surface. 

Ail thèse spécial plienomena are illustrated in the localities to be 
visited by the Excursion party, and the fault scarps of the Wasatch 
eau also be observed, at a distance, from the Windows of the train. 
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Frotn Fooatdlo tlie railroad liae mus a few miles eaatward np the 
iiarrow deâle of the lower Portiienf valley, theit bends Boutliward, fol- 
lowîDg for 35 miles (56 km.) the broad Pleistoceoe valley of Marsli 
creek. lu tbe middle of tliese valleys, und Boinetime» filliog tbeir bot- 
toms so as to block up the montbs of the tribatary ravines, are récent 
-flows of basaltic lava. 

Marsh valley lies betweeo purallel inouotaiu ranges trending with the 
XDcridiaD and consîstiug, so far us kuon-n, of Paleozoio rocks. They 
Xnay be conHÎdered as nortUeni members of the Wasatch cbain. They 
~t>eloQg to an aucient topography wbose draiuage System hasbeen con- 
ctiderably modified in geologically récent time. The Portneuf river 
>>reaks into tlie valley l^m tbe east at a point about midway, follows 
ît to its northem end, and escapes by the deâle just mentioned. Late 
in Tertiary or early in Pleistoceue time a flow of basaltic lava followed 
the course of the river into the valley. Subséquent érosion, chiedy by 
the outlet of Lake Bouneville, lowered tbe drainage System of tbe val- 
ley so that the basaltic coulée stands at the top of a steep sided mesa. 
Ihe Bonneville cbannel follows the western margin of (his mesa, and 
tbe Portneuf river follows tlie eastern, breaking across it at the north- 
em end of tbe valley. The train follows the river for several miles, theo 
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rises to the eastem alluvial slope of the valley, and ônally descends to 
the Bonneville channel at a point beyond tbe lava tables. 

Where the Portneuf skirts the lava bed its channel is obstructed by 
a séries of low dams of travertine, which seems to be rapidly deposîted 
by the water of the river. 

At its Southern end Marsh valley joins the northern end of Cache 
vall^, being separated by a low divide known as Eed Bock pass. 
Through this pass Lake Bonneville discharged its surplus water, and 
it is hère that the train passes from the basin of the Columbia river to 
the basin of Great Sait lake. A hait will be inade for the purpose of 
examining the channel of outflow (Plate v). 

At this point a lowridge of Carboniferous limestone lies athwart the 
valley trough, its crest projecting above the alluvium in two buttes, 
whose iron-stained cliffs give name to the pass. Near them are Plio- 
cène lakebeds, upturned at a high angle, but thèse are seen only where 
the alluvium has been washed away. The alluvium derived from the 
mountain ranges rests in great conical heaps against them, the cônes 
joining aloug the middle of the valley. At the pass is an exceptionally 
large alluvial cône, built by Marsh creek, which issues from a canyon 
at the east (lefb). Before Lake Bonneville existed this formed the 
summit of the pass, and when the lake broke over its edge the allu\ium 
was washed away with speed, letting the imprisoned waters escape to 
Marsh valley in a débâcle of tremendous power. Marsh creek then 
eut a channel through the cône it had previously built, and in this 
channel it still flows. It has built a small cône in the abandoned river 
channel, which it is feebly laboriug to fill. A little fiirther south otlier 
creeks hâve built alluvial cônes in the Bonneville channel, partitioning 
it into little basins occupied by swamps and ponds. In time of flood 
Marsh creek turns northward and follows the old channel to the Port- 
neuf, but it ordinarily siiiks in its own alluvium near the pass. 

The Mormon town of Oxford lies just beyond Eed Rock pass iu the 
northern end of (]acho valley. Cache valley also lies between mountain 
ranges of the Wasatch System, trending north and south. It is tra 
versed by the Bear river, the largest tributary of Great Sait lake, 
which enters the valley through a canyon at the northeast and, after 
traversiug half its length, escapes to the west through a narrow gorge 
in Paleozoic limestone kuown as "The Gates." It is joined by mauy 
smaller streams issuing from the eastcrn range. The mountain s on 
either side are coustituted chiefly of Paleozoic strata, but fresh-water 
beds referred to the Pliocène (Il umboldt beds) rest against their 
tianks at several points and hâve shared in the later displacements. 
Bonneville shore lines encirclo the valley, and mari deposits of the 
same date occu])y its lower levels. Assoinated with thèse are great 
delta de])osits accuuiulated chiefly at the dat/C of the Provo shore line. 
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The largest ancient delta is that of the Bear river, but those formed 
by some of the smaller streams are more symmetrical. That built by 
Logan river has the form of a semicircular terrace projecting into the 
valley, its upper surface constituting an obtuse cône whose apex is at 
the mouth of the mountain gorge whence issues the river. By subsé- 
quent action the river has divided the terrace into two parts, and there 
are other delta terraces at lower levels. Upon thèse terraces stands 
the eity of Logan on the east side of the valley Kear the base of the 
mountain the Ijogan delta is traversed by a faulk scarp, feet (2 m.) 
high. Gâche valley lies chiefly in TJtah and contains a large number 
of thriving settlements founded by the Mormons. Their chief industry 
is agriculture, and this is carried on by the aid of artificial irrigation, 
the waters of the streams being diverted from their channels and carried 
by ditches to the farming land. The principal town, Logan, has a pop- 
ulation of 4,565. 

Northward from Eed Bock pass the railroad traverses for several 
miles a plain little below the level of the pass and then descends to the 
immédiate valley of Bear river, which is followed to the " Gates" and be- 
yond (Plate VI). The passage opened by the river through the western 
mountain ridge exhibits a nudeus of Paleozoic limestone, against which 
on each side rest Humboldt beds. Tliese last are upturned to 45^ at 
the east and to 15^ at the west, and are in turn overlain by maris, sands 
and tufas of Bonneville date. The érosion of the river gorge was pre- 
Bonneville, and its sides are sheeted by calcareous tufa to a depth of 
several feet. In sections opened by the railway the tufa is seen to hâve 
been deposited in two or more sheets separated by bodies of talus 
believed to represent one or more inter-lacustrine epochs. Hère a great 
3ngineering work is in progress. By a dam near the head of the gorge 
î;he water of the river is diverted into two canals, which hâve been car- 
ried, partly through tunnels, along the walls of the gorge and then led 
>at along the upper benches of the plain to the west. By their aid a 
arge tract of désert land will be reclaimed to agriculture. 

Afber passing through "The Gates" the road runs southward, 
>etween the steeper mountain slope on the left and the valley of Bear 
iver on the right. A fine view is obtained, across the valley, of the 
E^romontory range, which forms its western boundary, 40 miles (65 
un.) away. This range is so called because it extends into Great Sait 
ake, dividing its northern portion into two great bays. 

The road passes the Mormon towns of Willard, Box Ëlder, and Brig- 
lam, resting on the gentler slopes of the valley and surrounded by 
ields irrigated by waters from the mountain streams issuing from 
ravines behind them. Beyond Brigham the road passes round a pro- 
jecting point of the Wasatch mountains, opi)osit/e the north end of 
Qreat Sait lake, to Utah (Bonneville) Hot springs, which issue from 
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the great Wasatch fault. They bave a maximum température of 130° 
(58° G.) and )eaye a ferraginous deposit. 

At Ogden, an imi>ortaiit Mormon townof 15,000 inhabitants, tberoad 
crosses the Uoioii Pacific raiiroaâ, tlie pioneer traoscontineuta] Hue, 
which reached bere in 1869, croasing the Wasatch range tbrongli the 
deep gorge of Weber river. In Bouueville time tbîs river bnilt au 
immense delta of sand and grnvel ou the margiu of the plain. 

From (^den the road makes a detoar to the westward aronud this 
delta and follows tbe lower level of tbe valIey, uear the lake, past the 
Mormon towu s of Kayiville, Famiiugtou, andCenterville. Fault scarps 
are coiitiimoiisly vinible along tbe base of the monntains, being espe- 
cially conspîcnous iiear Farmington. 
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Wlitle in the more récent pliase of its geological histoty the rang^ 
a great faiilt«d block, tho internai atructore of thiit block proves tiT 
existence of a Huecession of more ancient mountain ranges of com^:^ 
oated structure prodaced by a saccession of orographie movementS' 
différent periods in tlie eartli'a history, of wliich only the most bKT-i 
and scanty outline eau hère be given. 

The foUowing great traiiagreewiona or unconfonnities hâve h^s^ 
observed, which mark critieal epoch» in its geological history: 

First. At the close of tbe Arcbean. 

Second. Duriog Algonkiaii or Pre-Oambrian times. 

Third. At the close of the Paleozoic. 

Fourtb. Toward the eiid of the Jurassic. 

Fifth. At tbe close of the Mesozoic 

Stxth. Tbe final uplift in Tertiary times, which is continuiog to tbe 
■présent day. 

Of thèse moveinenf s the First, Tliird, and Fiftb were the most widfr 
spread, and bave left the most définit» évidence of tlieir esiBt«nce, od 
ouly hère, but in other parts of the Cordilleran System, 
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Beveral), arc luss reu<liiy dotliicd ami ai-e apiia-rently ratlicr local in tlieir 
nature, f n (liaces, eH|)eciaU,v on tlie tinmediate tlanks of tbe iDoiintaiii 
maHHivea, the elsc^wlmrB boriwntAl Tcrtiary beds are foand to bo 
apturiied at cousiilerable auglea. lu the great Tertiary baKio ofGreeu 
river, eust of tlie Wasatcli aud iiorth ot tbe Uiuta inoiintaius, tUere is 
evidurice of dyuatuiu movemoiit, aiid ot a liiuit«d amonut of urosioti, at 
the close of eaeb of tbe tbrce lOocetie epocba there i'epr(>âeiited. 

Tbe priacipal plit^tion of the Wasatcb range luust bave taken place 
at tlie doae of tbe Cretaceoua, aud at thi» time also was furined the 
great east aud wcst autlcliiie of ttio Uiuta Monntaios, vhich stretvh^ 
150 miles eastward tVom tlie ea»t«rn flauk of tbe Wasatcb, opixisite the 
great granité maas of Little Cottonwood cauyon. That the movetnent 
of uplift of thii* rauge bas l>oeii, îli a mea^ure, continuetl iu Tertiary 
titues, la i>rove<l by the faet that the Tertiary beda reatiiig in>oii Itfl 
Sauk^arealsobcut upwards; bat the angle atwhicbthey are uptunied, 
even in tbe lowest aud moat diaturbed of thèse Eocene [«eries, ia œncb 
lower thau that of the Cretaceous beds, while those of the t\ro upper 
séries oftcu pa^s iu a uearly hurizoutal itosition complotely ovei* the 
ei-oded edges of tbe upturued (Jretat;eon8 etrata. 

Erosion, sinee tlie déposition of the Eoceiie Tertiary beds, haa carved 
out many iuterior vallcys to tho ea»t of, aud geuerally paralleï with, the 
main erest of the Wasatch range, and tliis érosion baa exposeil i>or- 
tionsof the underlyiug uptnrned beds. ver the greater part of tlie 
phiteau i'fH;ioii imiinMli;ircly wcsi. ni' rln' ciesf, Imwever, the Tertiary 
coveriug still rcmaiua and masks tbeir structure. 

The broad gênerai features of structure of tbe older part of the 
range, as far as it ha» been made out, are as foUows: 

At the uortli is a great syncline trending to the west of north, in 
wboseeroded axis lies tlie great dcpression of Cache valley. The west- 
ern tlank of this syncline forms the froutof the range firom "The Gates" 
Bouth to Brigham city. From hère soath to beyond Farmîngton 
stretches tbe Farmingtou Ârchean body, one covered by an arch of 
sediraentary beda. Tbe western portion haa been eut off by the great 
Wasatch fault, and the reinainder iu great measaredenuded of its cov- 
erlng of sediiueutary beds. Sontheastof Sait Lake eity la the great 
granité body of Little Cottonwoodcanyon,a8sumed tohe of post-Archean 
âge, thougb the crystalllne rocks through wbich it waa intruded are now 
considered Algoiikiaii. The position of the overlyiug sedimentary bêds, 
and the fact that their lowest members eontain fragments of granité in 
tbe immédiate vicinity uf that body, prove that it is certainly pre- 
Oauibi'ian. lueluded between tho Farmingtou and the Cottonwood 
luassca is a syncline of beds raugiug from Gambrian to Cretaceous, 
whiise axis runsnejirly east aud west. Thèse upturnedl>ed8wrap round 
either of tho older masses ou tbe eaat ; tbat ia, the strikes of beda form- 
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darker limestoue above, eau be readily distingaished at the very crest^ 
while the Jower part of its Bteep western face is formed of darker struc- 
tareless Archean rocks. 

At a re-eutering angle of the monntain front, jast soath of the Hot 
Sprmgs, known as Ogden's Hole, is a transverse faiilt at right angles 
to the treud of the range, whose movemeut has been a downthrow on 
the south, by which movement the Gambrîan and Silarian are broaght 
down to the foot of the steep western face of the mountains, while Lower 
Garboniferons limestones form the crest of the ridge. 

Directly east of Ogden dty is Ogden canyon, a narrow gorge cntting 
entirely across the range, and Connecting wîth a small interior valley^ 
once a bay of Lake Bonneville, which afibrds an admirable exposnre of 
the whole séries of rocks from the Archean up t<îand through the Lower 
Garboniferons. 

Jnst soath of Ogden canyon a smaller ravine marks the line of an- 
other transverse faalt, with upthrow to the south, by whose movement 
the Archean rocks on the south are brought nearly to the crest of the 
range, with a thin covering of Cambrian quartzite which disappears to 
the south. 

A few miles south of Ogden is the still deeper gorge eut by Weber 
river, which drains a large portion of the eastern slopes of .the Wasatch. 
The Bio Grande Western railroad passes round a delta of the Bonne- 
ville Lake beds that in great measure hides this fine gorge. The gorge 
affords an admirable section from Archean up to Cretaceous and un- 
oonfbrmable Tertiary beds, which ean bc seen along the line of the 
Union Pacific railway as it crosses the mouutains. 

From Weber canyon southward for nearly 20 miles (32 km.) the crest 
and west front of the range is of Archean rocks ; while coarse Tertiary 
conglomérâtes rest high up on the eastern flanks and conceal ail the 
lower beds. At the southern end of this Archean mass the older sedi- 
mentary beds appear again, through denudation of the conglomérâtes, 
striking nearly east and west, and dipping southeast and south away 
firom the Archean. Thèse upturned beds, broken through by eruptive 
rocks and x>artly covered by Tertiary beds, jut ont to the westward of 
the main front of the range, formiug a projecting promontory between 
the Mormon town of Genterville (east of Lake Shore station) and Sait 
Lake dty. 

ThiB promontory is formed of steeply upturned Paleozoic beds,partly 
oovered by a coarse conglomerate of supposed Tertiary âge and an 
eruptive body of trachyte or andésite. The Warm Springs at the 
pmnt of the promontory issue from the much broken Paleozoic lime- 
stones. The canyon of Gity creek, directly north of Sait Lake dty, 
catB through the conglomerate and eruptive body, and uear its head, 
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bcyonil thu coaglomcrato, priuioi-diul trilobites hâve beea foaud lu tbe 
ebales at tlie base of tUe limestonva. 

Tu tlie nortli uf Cunip Douglas, thc {Jiiit«tl States tnilitary yiost tliree 
miles (4.8 kui.) uast i)f th© city, are upper Curbiiuiferoiis ami l'ermiaii 
b<HtA, iDostly limest«)iie8, curryiug ctiaracteristic fonnils. lied Buttfi 
canyon, Bot-tboa^tof Camp l>ouglas,uiarh8t)ie(livMiug Une bvtvtecnllie 
slialy limestoues of tbe l'ermiaii and tbe piuk reil saudRtoiies uf thc 
Tria». The latt«r furnisb iimcb of tbe buibliiig »toue for Sait lake 
uity. Above thèse, dipping i*i° to the soutliea^t, are tbe drab lime- 
stones aud argillaceoiis nhales of the Jiirassic. Thèse beds stribe 
about N, 40° E., and thus cross tbu ravines wbose direction la more ' 
nearly eost aud west. Emigration cauyoïi, dircctiy back of Camp Doug- 
las, lies nearly in the axis of the synclinal fold inciaded betWLx.'ii tli« 
two great ArL-hean masses to tbe nortb and south (3 and 4 on the map), 

Ooing Bouth from Emigration canyon, abmg tliefoothillH, oue cr()M.''e!> 
tlic ends of a séries of beds dipping north aod northweut^ i-aogiug la , 
geologicul boriKon froni tbe JuraBsic dowu to tbe base of tho Cani- i 
brian, a tbickness in ronud nnmbera of 35,000 feet (10,750 m.). i 

Between Emigration and i'arleys canyon a secondary anticUne briaet I 
«p tbe Permian beds from uiider tbe Trias. At Parleys cauynii, np l| 
wbich rniis the nairow-gaiige railway to Parle city, the Permian beds " 
are agaiu exposed with the regular uortberly dip. They carry abnuduit I 
Permian forma, Aviculopecten, EvMicrutU, Myalina, etc. 

Mil! Creck t'anyon, the in;xt totbc south, i« in tbe Weber quartrit©» 
of the Middle Carboniferous. Sotith of this is a re-entering angle *>* 
" the foothills in wbicb tbe outcrops are more covered by débris aa^- 
the succession lésa eaay to trace. The high projecting spur beyoud i-^ 
formed of the great mass of Cambrian " quartzites aud slates stri^*- 
ing uorthwest and dipping 45° to tbe uortheast 

An excellent section across tbese beds and up into the Oarbonif'^'^^ 
ons is obtained by following up thc next canyon gorge, called Big O*-^ 
tonwood, as tbe beds curve in strik© more to the sonthward at '*^'*^ 
upper part of the canyon, wrapping around tbe granité body of LiO"*^ 
Cottonwood canyon. 

The section (Fig. 19), on a nearly east aud west line throngh Tt^ 
Peak, a Uttle soath of Big Cottonwood canyon, shows tbe posicioQ tht^ 
beds occupy relatively to tbe granité- The lowest Cambrian beds, n9^^ 
the contact with the granité, coiitain fragments of the latter, showi*^ 
its éruption to bave been at least Pre-Cambrian, and that ail th^>^^ 
beds were deposited around it, and bave been sabseqaently nplift^^ 
into their présent [WBition, 

The next canyon south, known as Little Cottonwood, is a deep glaci^^* 
carved gorge eut alniost its entire lengtb in granité, butshowiugea-*** 
ei'ly dipping Paleozoio beds nt its very besid. The ateep face of T^''** 
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is a fragment of quartzites aud limestoneH to the weat of the outcrap of 
cryBtalline ecliUte, whieli représenta a portion of tli« overlying Paleozoic 
beds brought down by th<< gicat Wasntch fault. Tbese lie sanicwliat 
to thu i^astward of the liiiw of faultiug iu the Pleiatocene depositit of thu 
Valley. 

At thu head of the two Cottonwood caoyonn is Claytoiie jiealc, r 
bosB of granit© {irojectiiig tbrough the Paleozoic beds, and to tlic east 
of thiB, UQ the east aIoi>es of the Wa^atch range, are exteuùve areAS of 
eriiptive rockf*. It is lu tbi» portion of tbe range alone that important 
mines hâve thiis far been developed, The most prominest hâve I>eeti | 
the Emma mine, in Faleozoio limestones at the head of Little Cotton- | 
wood canyon, and the Ontario mine, a strong fissure veiu worked to 
a depth of over 1,000 fe«t (305 m.) in Middie Carbon iferons quartrlt««, 
witb associated porphyries, wliich lia» produced over twenty tnilUous 
of ailver and is stiU payiug dividenda, 

From tbe southweat«m exti-emitj' of tlie Lone peak granité niass a 
low ridgeof emptive rocks, resting on altered sediucntarie» of uuknoini 
âge, stretiihe» acroits the valley from the Wasatch to the Oquirrh range. 
Tbis sepiirntes the valley of Sait Lnke from tbat of the fresb wat«r Utsb 
Lake. Thia lake is fed by fonr pn'noipal streams, whirb drain iiiteriur 
valley» to the east of the main créât of the Wasateh, and cat deeptmna- 
verse gorges across it, which aftbrd admirable sectionn of the nmge. 
Thèse are Americau Fork, Prnvo rivei-, Ilobble's crcek, and SiUHiish 
F..rk. Tlui fi.rnier sli.iws ;i bi.iarl ii.iti.'Iiiiiil airli. juid tli.- gmil uiiiss 
of Timpanogos peak Boath of it, nearly 12,000 feet (3,667 m.) in heigkfc, 
ifi formed of horizontal Paleozoic beds forming the orest of this arcl*-- 
The axis of this fold mns somewhat east of soiith and to the veet *^ 
the cre»t of this peak, following the Une of a projecting shonlder; it ^■^ 
somewhat broken, and in Provo canyon, next south, is only visible a>^ 
&alt Une vitb the beds somewhat curved npward near to it. 

Soath of Provo canyon a second Une of folding and &ultiDg,en échel'~~^^ 
and set off a little to the west of this, is developed back of the tow» '^ 
Provo at the baseof Provo peak . The section seen îd Bock canyon, b*^^ 
of this town, shows lower Paleozoic beds sharply aptnmed inaué-fiy'^ 
whtchsometimespass the vertical indip,bat a short distance eastwv-*^ 
shallow almost to the horizontal position. Quartzites and schi^^ 
oecur at the base of the séries. While the lines of strike conUnne ir» ■* 
direction east of south the range itself assumes topographically 
direction more and more to the west of south. 

In Hobble's canyon, and in Spanish Fork canyon throagh wbich tX*^ 
Rio Grande Western Railroad passes, onlyupper membersof the PaJ^ 
ozoic séries are seen, dipping somewhat south of ©aat at 25°. To tlJ* 
south of tbis tlie range cousists of inountain masses set off snccessive'j' 
more to'the westward, which culminate in Mount Kebo, 12,000 (est 
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(3,657 m.), 20 miles (32 km.) to the soath and aboiit 12 miles (19 km.) to 
the west ot' the Timpauogos Une of élévation. This peak is formed by a 
sliarp auticline of Paleozoic beds, the axis of which is near the summit. 
The eastem member of the anticline stands almost perpendicularly and 
soon disappears nnder nnconformable Mesozoicand Tertiary beds, while 
the western member dipping 40^ to 45^ west forms a long and more 
gentle siope. This is the geological termination of the Wasatch range, 
as a complex mass of foldeil and faulted Paleozoic strata. Its topo- 
graphical continuation to the south is found in a séries of high table- 
lands or mesas, formed of Mesozoic and Tertiary beds, known as the 
High Plateaux. ^ 



GREAT SALT LAKE VALLEY. 
By G. K. GiUJERT. 

8aU Lake eity. — ^A body of Mormons, or members of the Church of 
Jésus Christ of Latter-Day Saints, founded this city in the midst of 
a wildemess in 1848, more than twenty years before the construction of 
the first raDway. From that time it has received a continuoustgrowth 
by Mormon immigration, and firom it hâve been colonized nearly the 
whole of TJtah and portions of adjacent Territories. Agriculture and 
grazing are the chief industries, and the development of mines has been 
discouraged by the church. But mines were, nevertheless, developed, 
and the mining industry drew into the Territory a considérable body 
of Gtentiles, by which title non-Mormons are known. Municipal control 
in Sait Lake city has recently passed for the ôrst time from the hands 
of the Mormons into the hands of the Gentiles. 

The head of the Mormon church is called président, and the office is 
now filled by Wîlford Woodruflf. The members of a high council of 
twelve are called apostles, and other officers are known as elders, hun- 
dredSi and bishops. The bishops hâve important secular functions, 
one being placed in charge of each settlement and of each ward of the 
city. The church is sustained by tithes, a tax of 10 per cent on the 
incomes of its members. Payment is made chiefly in produce, which is 
gathered in tithing houses and placed on sale at ûxed rates. The prin- 
cipal meeting house of Sait Lake city is called the Tabernacle, and its 
auditorium has a seating capacity of about 8,000. It is architectarally 
unique, haying the form of half an egg shelL A more imposing struc- 
ture, known as the Temple, is used for secret ordinancesof the church, 
and visitors are not x>ermitted to examine the interior. Other objects 
of interest connected with the church are: the Lion house, where a 
large partof the late Brigham Young'spolygamousfamily resided; the 
Snuna palace, built by him as a résidence for his favorii!b wife, but 
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tbe upper portion of tlie canyon. Th«ir bouliler» hâve fiirnished tbe 
niaterial for tbe Temple at Sait Lake t'ity. 

Ju&taouth of Uttle Cott«nwood canyon a Bhallower valley i-alled 
Dry Cottonwood dosceiida tbe mountain face, and tbia, too, carried a 
Pleistoceno glacier descendiug to tbe monntain Itaw. Tlie lat«ral mo- 
raines in tliis case coidesce witb a massive h-rminal wliicli the luodeni 
creek Iii» uotelied but not yet divided. 

AcroKS tlie two pair» of latéral moraines and across tho flood plains 
of tbe crecks rnns a lineof fanltiug characterized by tbe Rottling of gnî.iC 
belta of eartli. A i>ortiou of tbe nortb moraine of Little CottonwoiM] 
ereek bas dropped between parallel faolt planea a« mu<:h as 50 feet 
(15 m,), and thU ao receiitly tbat tbe escarpments are not yet coï-ercd 
by végétation (PI. Vil). The longitudinal profiliM» of tlie other mo- 
raioes, originally simple cnrves, bavo beeu made serrate, and the iniwr 
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Jfaces of the moraines, originally ninooth, hâve boeii ftarrowed s 
ridged in sympathy with tbe serratious. One of the fault-caused ti 
races of tbe nortbfni fl<x>d plain bus been utilized in the coustrnetioi». 
of an ore-sineltiiig e^sttiblishment. It is au impressive fact that th«^^ 
stream, a roaring torrent every spring, bas not yet been able to recoin — 
struct its dislocated tlood plain. 

Y We are bcre broogbt face to face with a proccssofmoantain-makir^ M 
in actaal iirogresa. The Wasatch bas grown i>erceptibly within a fc=i-^^ 
yeaia, and tbe gathering orogenic strains may culminate any day ~~^ 
another convulsive leap. It is a dictam of dyuamir geolngy that gr^^^^ 
moantains areyoung moiiutaiiis ; " and the greatest of tbe monnt»- ^^ "^ 
of the Sait Lake basin has not yet ceased to grow. 
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LBy G. K. On-BERT,] 

Leaving Balt Lake dty in tbe morning tlie party reBumes its joumey, 
following tlio lioe of tbe Bio Grande Western Bailroad tlirough the 
VBlIey of tbe Jordan, tJtab valley, tbe canyons of Spanisb fork and 
Soldiers fork, the valley of Prie© river, and the great nionoclinal Val- 
ley at the base of Book cliffs. For 75 miles sontbward Atim Sait Lake 
City tbe bold façade of the Wasatcb range f^ces westward. 

TweQty miles west of it lie smaller ranges, the Oquirrb, tbe Cedar, 
and tbe Tintio, and at its foot lie Jordan and Utah valleys. Tbe Jordan 
valley is largely devoted to agriculture, but it contains aiso some of the 
principal establishments for tbe smelting of the silver ores of Utah. 

The Jordan and Utah valleys are separated fh>m one another by 
apors of volcanic rock, stretching fi-om the Wasatch and Oqairrh ranges 
nntil they nearly meet. The narrow pass between their extremities is 
occapietl by tbe Jordan river, wbose bank the railroad follows. In 
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Boimevilie times tlie eastcni spur was L'XiioHed to an energetic nttack 
of waves from tlie Dortb. A deep noluli was eut in ita side, prodacinfï 
a cliif Iiiiudreda of feet in beiglit^ anil tbe material exeaFat«4 wa«) piled 
as a apît of eliiiigle in the pass, partially closing tt. As tlie train movea 
np the Jordan valley ttie Rhnre t^rrace and the nea, clifF ran be seen 
from a distance, and. as it threads the pa&s, the gravele of the spit 
appear iiear at haiid. In the patm are Die headworks fnr the diversiou 
of the Joidaii wat^r îiitn cauala for the in'igation of the valley. 

The iDnnntains t^twering above Utuh valley are of woiiderfUl bold 
ness and beauty, and their précipitons fao«s are Ruch as rctsnU from nu 
orogenic procetta save that of faultiiig. Bacb of tfie visible monntain 
crests are extenaive ui>lands, serving as a gatberine giouud for the 
streams which hère and there brenk throngh the main ridge in défiles 
and fertilize the valley. TlieirwatersarefiuaDygafhered in UtaliJake, 
from which the Jordan river ÎHMnes, flowing, like that other Jordan after 
which it is named, from a lake teeming with life to a sea of death. 

The Boniieville and Provo shoie liiien are to be secn ail about the 
valley, and tlie Provo shore line is characteriaed by mimerons delta 
terraees. The delta of the Provo river bas a radins ol' more than 4 
miles (7 bni.)>and erowds the raiiroad ctosu to the lake. Along the 
moantain base and ii«ross the delta terraees mn fanlt searps, occa- 
oionally givtng one of tbe sbore linea a sndden change of altitude. 

Tlie two siiles of the valley are in stiiking contrsst. The eastem, 
receiving the drainage of the lofty Wasatcb, enjoys the condition essen- 
tial to fertility in an arid région, and is dotted with thriving villages: 
Lehi, American Fork, Battle Creek, Provo, Springville, and Spaniab Fork are 
paased by the train. On tbewest, thelow ridge called Cedar uionntaiD 
iiidnces little précipitation and posseases no permanent stream. Eveu 
springs are lacking, and its slopes, clotbed only by a scant growtb of 
low bushes, snstain no bumiin home. 

Due east of^ Provo the fa<'e of (be Wasatcb is nnusnally steep, rising 
in a slope of nearly 35'^ to Provo peaks, and presenting a remarksble 
section of Paleozoic rocks over 10,000 feet in tbickneas, from Cambrian 
up to Middle Carbon iferons, resting on erystalline schists, of which a, 
amall expowure is found at the very base of the slopes. Thèse bedsall 
dip eastward, at first very steeply, but with decreasing angle to the 
east. 

Hobble creek, which waters the town of Springville, bailt a broad 
delta at the level of the Provo shore line. Tbe Spanish fork, as th& 
next stream is called, buîlt a still broader delta at the same level, 
and the two are confluent. The Spanish fork built one aiso at th^ 
lîonneville level with a radius of 4,000 feet (1.2 km,). This waa widelj-" 
treiiehed dniing the building of the lower delta, so that the head of tli^ 
lower lies within a gorge escavated from the iipper. Both deltas fo^ 
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ivll tjf niarinu fortuatiua, iiiicl çaiiped by tlie tuasBive saiidstaiio^ :ind 
sLules of tbti coiil-boariiig Larauii». Tbe luunoclinal volley ri>lluw<.-cl by 
the road sbows w»;ll tbe iietîidiar toijograpby whitih everywbunj cbiu*- 
act^rizes niilo e\i>u8iin;i4 ot' tbe»e Middle Oretaceoiis sliales. 

At Lower Crouing umy be observed an iuterestiug example of incoii- 
se<iueiit drainage, where tlie l'rice river leaves the widf, opon valley 
îii the Boft clays and boldly cats ita way iu a deep gorge tbroiigh tlie 
Book clifts, in an easti-rly db-ectiwn, to the Green rirer, wîùtdi it rcacliee 
16 Diiles (28 km.) iibove tbe railroiul i-rossing. 

Tbu r»ad nuw rise» sligb tly before dcg«.-«ndiiig iuto tho valley of G roe» 
river, aud Irom favorable iHiints one can see, far to tbe eowtli, reinaifc- 
able casti-llated ronus of eruflion in barder beds ut the lower jKiftioii 
of tbe Mf sozoie, brougbt up by tbe monocliuul tiplift of the San Riifael 
swell (Plate viii). lu clear weatber a glinipse iiiay also be liad, on the 
distant aoutbern horizon, of tbe sbarp laccolitic peaks of tbe Ileiiry 
luountiiins. 

Biiok of Oreen River ntatiou is a, moond of dark shales, probably 
betotiging lo tbe burizon knuwn as Fort lienton Cietawou», wliicb 
abouuds iu fisli l'emainH and iuoeerami. 

Green river, whicb is crossed at a point wbere but little eau be seen 
of itâ cbaracteristic canyon aecuery, ia the main tribatary of tbe Col- 
orado river of tbe West. It takes tts rise nearly 300 miles (483 km.) 
dne north of tbe crossing, lu tbe Wind Kiver mouutain», uud âowiug 
sontb acro8B tbe int«rioi' Tertiiiry biisîn of Wyoming, fanioua for its 
vertébrale remmnti, it cuts tbrongh the heart of the TTiuta monutains 
in a séries of deep, windiug gorges carved ont of the very bardest 
sitieeous rocks. It tlien dows south tlirough tbe Colorado baaîn, and 
about 60 miles (07 km.) below tbe crossing is joined by the Grand 
river, whicli drains tbe western slo]«s of the Bocky mooataius. It is 
only atter the coufluence of tbe latter stream tbat it is called the Colorado 
river. 

In the vicinity of Green river, and espeeially ou tbe east side, tbe 
cbaracteristic scenery of the Cretaceous shales is most marked, tbe 
couutry beiug absobitely bare of végétation of auy kind for long dis- 
tauces. Tlic stations in tbis regiou are appropriately uamed Beaert, 
Sphinx, Solitude, ete. Tbe aceompauyiiig sketch (Fig. 21) of tbe latter 
was made from the traiu by Mr. Cadell. 

Tbe Valley of Désolation in tbesesbalesisfollowed for 50 miles (80 km.) 
east of Green river, The road gradually rises over low divides, being 
at time^ more than a tbousaud feet (306 m.) above Green river, and tlteo 
des<rends into the valley of Grand River. In dear weather fine views ^ 
are had, from elevated points, of tbe laccolitic group of peaks Iying3U ^ 
miles (48 km.) to the «iouth and east, knowu as tbe Sierra la Sal, *'*~"-* 
wboae Niimui its bave clevatiouH of 1L',00() to 13,000 feet (3,658 1« 3,9ii2 m.) _ 

At Cisco an artesian well bas a considérable dow of water, the surpln^^ 
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of whicli, over and above tliat nsed by tlie railroad, lias ban beeii ntilized 
for irrigation, bot aa yet witboiit mucb bénéficiai effect npoo tUc clayey 
soil. 

Between tbis station and Agate the nortliwesterly dipping sand- 
stones of tlie Dakota Cretaceous are erossed, and tlie railroad tben 
descends tbrougli variegated clays aitd Baiidstones of the Jiirassic into 
the tbin-bedded sandstones of tbo Trias, wbicli it reacbes at tbe Grand 
river. 

Tbe road uow i-ana for over 15 miles (24 km.) along the hanks of the 
river, following its windiiig i-aiiyou gorge, eut in the massive sandntones 
of the Trias, whiuti form the northeni edge of the great Uncompahgre 
plateau. This plateau in an area extending 80 to 100 miles (129 to 161 




Fis, 21.— Solltuda Stalloi). 

km.) noriibwest from the base of the San Juan mountains, of nearly hori- 
zontal or gently folded strata of Lower Mesozoic and Ujiper raleozoic 
a^^e resting uuconformably npon Archean granité» and gneisses. Tbe 
latter rocks are only exposed in the bottoni of sonie of the maiiy canyon 
gorges whieb iiitersect tbe plateau. Tho iiiirtheni edge of the plateau 
is formée! by an abrupt monoclinal fold, aloug which the strata bend 
dowu so abmptiy that tliey seem to be faulted. The canyon is eut 
inainly in the massive and nearly borizoutnl sandstones on the north 
Bide of this fold, but at times in its meaiiderings discloses views of 
the fold itself. 

Going east, after reacbing the valley of the Grand, the more massive 

beds of tbe Trias slovriy rïHe from beneath the thinner bed» at tbe top. 

They présent on tlie north of the road magniûcent watls formed by 

Vertical cleavage planes and which show fine exampleaof croas-bcdding. 

461GB 26 
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At Utah line tbe liouudary between tJtitlt and Colorado is niarked 
by a wliito liue ruiiiiiiig iip the face of tho clifl'. 

A feiv miles fiirther east, aftor passing round -a northward projecting 
poiutof thecliffs, one eau distioguiab aloTi^r tlie banks of the river aiid 
projectiDg above its Miirface ia midstream, rouaded kuobs of ArekeaQ 
rocks, blackened, polisliod, aud siugnlarly channeled by the action of 
tbe water. Tboue rocks fnrni appareutly an eaat aiid west ridgo in tbe 
Une of the monocliiial fold, which tbe road nov follows for »>me dis- 
tance on a tangent, 

Jiist before reacbing Saby an excellent section of tbe moiioclinaJ 
fold may be &ecn on tbe north aide of tbe river, where a small trlbutary 
ravine in eut along its axis. 

Tbe road uow passes beyoïid tUe fold into tbe gr&y saudstoues and 
iutercalated sbales of tlie Juraasic and Dakota Gretaceous, in wbich 
theeflectsof underminiugby the action of thestieam are welldisplayed. 
It Boon leaves tbe valIey of tbe Grand river, passing up a trlbutary 
ravine, througb a tunnel iu Dakota sandstone, andouton to the broad 
vaJley of Cretaceous inhale» again. Twelve miles (19 km.) distant, form- 
ing tbe southern boundary of this valley, are tbe Lïttle Book cliffs," 
the easteru continuation of the line of clift's wbich bas been fotlowed 
from Ftab. It ifl foruied hère eutirely of Gretaceous beds, the over- 
lyiug Tertiary beds forming a second line of cliffs fnrther bock, trend- 
iug to tbe uortheast, for ail the beds are now commeucing to rise to tbe 
east on the west iiank» of tbe Rocky mountains. 

Tlie clay valley is fiillowwl to Grand Junction, a growing town that 
is uow becoming prominent for the excellent qnalifyof itB fruits irhich 
bave been raised by ita citizenB on the neigtkboriag meaas nnder the 
benefloent inâaence of irrigatloiu 
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THE ROCKY MOUNTAINS OP COLORADO. 

By S. F. Emmons. 

Hpon leaviiig Grand Junction the route passes from the basin of . 
the Colorado river into the Eocky mountain région, or, according to 
Powell's and Gilbert's nomenclature, from the Plateau région into the 
Park province. The name **Rocky Moun tains" has been retained for 
this most eastern and most elevated group of mountain ranges of the 
CordiUeran System, because it was the one which was first seen by early 
explorers after their weary journeys aeross the Great Plains, and is 
therefore the one to which the name was first applied. It was called 
the Park province from its great interior valleya, entirely closed in by 
mountain ridges, which constituted the natural game préserves of the 
varions Indian tribes that formerly inhabited the surrounding lowlands. 

The route chosen for the party does not traverse any of the greater 
of thèse parks or valleys, but foUows the deeper and narrower drain- 
age channels of more modem date, from whose fresher excavations and 
cuts the geologists may more readily obtain by a passing glance an 
insight into the internai structure of the région than he could from 
the older, gentler, and more covered slopes of the parks. A description 
of the région proceeds naturally from the east westward, rather than 
in the direction by which it will be approached by the présent party, 
since on the eastern side its characteristic features are more strongly 
and distinctly marked. While the gênerai physiographical features 
of the group as a whole arrange themselves along north and south 
Unes, the prevailing northwest and southeast trend of the CordiUeran 
System is manifested in many détails of the topography, as it is in 
the internai geological structure. 

The eastern front of the group, facing the Great Plains, is formed 
by the Colorado or Front range from the northern boundary of Colo- 
rado south to Pueblo, a distance of about 200 miles. Further south it 
is formed by the Wet Mountain and the Sangre de Cristo ranges, set 
off successively a little to the west of each other en échelon, and sepa- 
rated by northwest-trending indentations or bays. 

Back or to the west of thèse corne the Parks — the North, Middle, and 
South Parks, lying opposite the Colorado range; Wet Mountain valley, 
on the flanks of the mountains of the same name, and San Luis park, 
stretching along the western foot of tlie Sangre de Cristo range, whose 
cnlminating point, Blanca Peak, is the highest mountain in Colorado. 

The western wall of the North and Middle parks is formed by a sin- 
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gle chaiii kuuwn a» the Park range; oppot!ite the SoDtb Park tbieîs 
represeoiwi t»y thc double élévation of tUe Mo8<|nito antl Sairatch 
raiiges, wbicb iii eailier geologii^al timo fornietl a single massive, bnt 
are iiow neparated by the great meridiuoal vallcy of the Upper Arkan- 
sas. To tbe south thèse two ranges coalesce in tlie single ridge of the 
Saugre de Cristo range, whieb trends first to tbe sontheast, dirïdiog 
Wet Mountain valley froin San Luis park, theu soatbward forming tbe 
easterti front of the wbole gron|>, and finally disappears beneatb the 
désert plains of New Mexico. 

Tbe westemuiofit tier of mountain uplifts, vbicb îs stîll more broken 
aud irregniar, is cuutititated by tho White Mountain plateau, on the 
nortb, oppo»it« the Park range; the complicated and lofty groap of the 
Ëlk inoautaius, whîch adjoin the western tlanks of tbe Sawatcb opllft; 
and to tbe soatb, separated &om tbe latter by tbe broad mesa dopes 
of the Uunnison valley, are tho San Jaan mountains, stretcbing west- 
ward froui the San Lois park to the Pncompaghre plat*au. 

With tbe esi-epttou of Middle and 8an Lnis parts, ail tbe interior 
valleyB send their waters ai-russ or arootid the couii>onent iiarts of the 
Front range into tbe Mississippi valley; tbe onUctof San Lais park 
is soathward tbittogh New Mexico into the Unlf of Mexico; Middle 
park is drained by thc Grand river, wbicb threads its way in deep 
narrow gorges, between thc White Riverplateaa on the nortb and tbe 
Sawatch and Elk mouutaius ou the south, to the Colorado river. 

The geological wrrnctnre of thèse difiei-ent njonntaîn masses is, as a 
rule, very complicated, but as the study of the région progresses it 
beconies more and more évident tbat its broad gênerai featores most 
havc bcen outlined at very early dates in its geological history. In 
eacb of the great mountain masses are found représentatives of the 
Arcbean, Paleozoic, aud Mesozoic groops. In but few bave Algonkian 
beds yet been rccognizcd. Eruptive rocks of différent âges are found 
in ail, but tbe greater manifestations of eruptive activity, in Tertiary 
times, hâve occurred mainly in the southern and western portions of 
the région. 

Five great transgressions, indicating as many orographie''* move- 
ments, bave thus far been recognized, aud future study may disclose 
others. Thèse are: The post- Arcbean, tbe post-Algonkian, tbe late- 
Paleozoic, tbe late-Jnrassic, tbe post-Cretaceous. Minor movemeuts 
undoubtedlyoct^urred in Tertiary times, as in the Wasatch région, wbose 
gênerai effect bas been to raise tbe wbole gronp, and to compensai 
for the dégradation produced by érosion. 

In the middle belt, whicb is traversed by tbe party and may be takea 
as a type of the structure of tbe whole group, the central nplift is 
formcd by the Sawiitcb massive, a great oval area of Arcbean rocka^ 
Burrouuded by au almust completely cncircliug fringe of Paleozoic anâ 
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On the eastem flanks of the Coloindo or Front range the Paleosoio 
and earlier MeBoiBoio beds appear only in disoonnected patobeSy being 
oovared in the intermediâte portions by beda depoeited dvringthe late 
JoraaaiCy post-Oretaoeous, and Tertiary transgresaiona. A nairow 
lone of sharply-nptamed beds, moetly of MeaoKdc âge, ia- generally 
firand at the immédiate baae of the "moantaina, the barder beds Ibnn* 
ing nanow monodinal ridgea cidied '^ Hagbacka," whieh are aeparated 
from the main moontain slopea by longitndinal valleya eroded ont of 
the aofter beds of the séries. Thèse sharply-nptamed beds^ whose an- 
gles of dip are as high as 6(K> or 70^, change sharply to an api^ozi* 
mately horizontal position in very short distances east of the monn- 
tain fbot. In some cases tiie onter or npper beds of the nptumed séries 
stand at a steeper angle than tiiose bélow, or nearer the Archean base, 
prodacing thns a partial fiui stroctore. The overiying Tertiary beds 
sometimes partake to a limited extent in the npward cnrve of the on- 
derlying Mesosoic sfarata, thns evidenoing a comparativély récent 
movement of nplift of the monntain mass, or aabikingof the plain area^ 

The coal-bearing beds of the Tjaramie OrébÊawoBf which were 
deposited as the océan waters were flnally leaving tbd^MStem United 
StateSy spread net only over ail the Oreat Plain areas anmnd the 
monntain groupa bnt also over many of its interior valleys. Theia teds 
beingthe lirst of the séries to be acted on by the forces of érosion, bave 
been removed from considérable areas that they once covered, especsially 
along the eaeltem i>ortion of the Great plains and the sonthem por- 
tion of the Colorado basin. In other areas they hâve been deeply 
boried beneath sncceediug dex>osit8 of Tertiary âge. In spiteof thèse 
tàctSy the availablecoal-beariug areas that still remain are of enormous 
extenty and aiready play an important i>art in the industry of the 
région. The Censos reports for 1890 show that in that year the eoai 
mines of Oolorado prodneed 2,360,000 tons of coal and gave employ- 
ment to 4,645 persons. The coal varies in character from a rather 
light, dry, x>oroa8 coal, with high percentage of water and of volaltile 
matter, to fairly deuse eaking or coking coal. The latter coals are 
generally fonnd to the south aud west, in régions where emptive rocks 
abonnd. In the soathwestem Elk monntains, moreover, are beds of 
excellent anthracite. 

The aggregate thickness of the varions geological séries bas, as a 
mie, very materially decreased from that shown in the Wasatch région. 
A greater mass of Archean is shown becanse it has been more deeply 
eroded. Tho Ouray beds (assumed to be Algoukian) of the San Jnan 
moautains are over 10,000 feet thick. On the other hand, bnt a few 
huudred feet of Paleozoic beds below the Carboniferons are fonnd, the 
lower members of the Oambrian aiul the entire Devonian being appar- 
ently uurepreseuted. The Carboniferons séries is the most generonsly 
developed of any in the Paleozoic group, bnt this averages only abont 
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Of the Btreonifl entering the O-nod river from tbe Dorth,Boan and 
PEkTfKdinte oreekB drain the interior of the Book platflMi, bnt Bifle oreek 
drafns tfae moiioolinal valley within the Hogbock ridge of Laramie suid- 
atones which furma a semicirele açonnd the weat flanks of tlie great 
White Birer plateau, breaking throngh this ridge In a narrov gorge aix 




CrrtaeMift. 



Jiiror-Trlda. Oarba»- ^S». OmMtm. 



miles (10 km.) due north of Bifla station. This great Hogback ridge, 
whioh heie riees 2,000 feet (610 m.) above the valIey lerel, ean be traced, 
almost continuously, northvard along the vestfianks.of theElkmoan- 
tains, then bending in a curve around the White Bîver phtteaa to 
White river, and then westward ^ong the Bootbem flanks of the 
Uinta moontain nplift to the Waeatch, a distance of abont 260 miles 
(402 km,). Aooording to Mr. B. 0. Hills, who bas made a spécial stndy 
of the coal-bearing beds, the Wasat«h Eocene is also apturned on the 
flanks of this ridge, whence be reasons tliat the Eocene movement (post- 
Bridger) played an important part in the Bocky monntain nplift."* 




Fia. ^a^-SMtion of coèI Haau at Nevoutls, Colo. 

At Hewoastle" tbo Hogback ridge is seen in section to the west of 
the town, where c^tal minos are opened on Bome of the namerons coal 
Teins, wliich contaiii an aggregato tbicknes» of over 125 feet of coal. 
Thèse are eliown in the cr()^s section (Fig.2.')),fnrui8hedby the manager 
of the mines, Mr. W. B. Devereux. 

Abont 2 miles (3km.) south of the towu, the great 45-foot rein has 
been buruiug for âges deep down beneath the suri'ace. At many other 
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of Grand river for a few miles below, aro tiroded ont of tUe overljing 
9oft«r, gypsilurous heds of tlie Carboiiifcroiia. Tbo latter eau be seen 
in section by fiillowing ap a ste«p narrow ravine, directly east of tlie 
town, whicli Ib eut in tlie Hauks of a biisalt-capped plateau of Triaseic 
and Oarboniferou» rocks. Tlie liarder limestones and rtuartzites of the 
Lowcr Paleozoie may be well eeeu by foUowing tlie Denver and Rio 
Grande Rnilroiid ii mile oi two above the town tbrough the firat tnuuel, 
beyoïid which tlie Cambrian quailzit^-s rest on the Arclieun. 

The batliing establishment is o» an island iu the river ojtposite the 
town, and consistftof bandiioniely ap|)otnted "bath bullilings, back of 
whicb ÎB au open-air bathing pnol of niaKoniy, ueariy 700 feet (213m.) 
long, at une end of which a stream of liot water from the springs» is 
couBtantlypounug in, while at the otlier ta » fonntain of cold monnlain 
water, BO that the batlicr ean flud any dt-sired ti>mperatnre. There is 
alBo a natural stenm bath, arrangeai in a cave in the limetitoiie on the 
Bouth bauk of the river just above the town. 

From the hill slopes on the uortb aide of the river, opjiosite the 
town, a beantifnl distant TÎew may be had, np the Koaring Fork valley, 
of the 8DOW capiied Sopris Peak, 12,823 feet (3,600 m), one of the grt»t 
diorite masses bi-eaking up throngh mncli dîstnrbed Paloozoic strata, 
which are a characteristic foature of the Elk moantaius. 



* Anatgaet of Glimirowl Spring waitr fn jfmiiM ptr Unftni SUiia gallon. 

[Sj- C. F. CJiiiJKitor, J'H. I>.; 





■prinr. 


«pring. 




sœ 


"sr 


CblorideofHodluin 

Cb]nrl.let>finagiieilain.. 


Trw». 
Trace. 

24-3727 


1.<)W-»U» 
H «Il 

t™». 

Tnce. 
24-51(71 
80-2(00 

21-ÎM5 


Pho.pluitoor»d. 


Tr«e. 

Xnm. 

t™». 


IW» 












t-OlU 




OrBMlo matter 




ToW 






1.IM-0U1 


],Hi-en 




bicaibonmleofiahin.... 






IM-aoF. 




BfMrboMleoflime 







GLENWOOD SPRINGS TO ASPEN. 



ITINERARY. 



By 8. F. £mmons. 



Station. 



Glenwood 
Cardiff... 

Sands 

Wbeeler . . 
Shenoan . 



Distance. 



Miles. 



Kilome- 
ters. 



6 



18 



29 



Elévation. 



Distance. 



Feet. ÎMeters.l! 



Station. 



I 



! Mile». 



Kilouie- 
ters. 



5.743 
5,925 
6.081 
6,357 



1,750 
1,806 
1.853 
1,937 



AspenJunction 

Watson 

Rathbone 

Maroon 

Aspen 



24 
32 
36 
40 
42 



39 
51 
58 
04 
68 



Elévation. 



Feet. 


Meten. 


6,585 


2,007 


7,653 
........ 


2,333 



7,935 



2,419 



Tlie Valley of Roaring Fork, for some distance soiith of Glenwood, is 
an anticlinal valley. That is, tlie bounding ridges on the west bave 
the western dip of tbe nptiirned fringe of beds along the western flank 
of the Bocky Mountain uplift, while in the hills ou the east the beds 
bave a slight dip east toward the triangalar synclinal area iucladed 
between the Elk mountains, the Sawatch range, and the White Biver 
plateau. For the first part of the way the valley bottoni is in the softer 
beds of probable Carboniferous âge, immediately underlying the red 
sandstones of the Trias, which are seen in the hills on either side. The 
Talley oontains a great amount of glacial débris, often arrauged in 
flood-plainterraces^and increasing toward the upper part of the valley. 

At Cardiff station are extensive coke ovens. Hère a short branch 
line cornes in irom the west which brings coal firom large mines at Snn- 
sbine and Jérôme Park, in a monoclinal valley in Gretaceous strata 
beyond and parallel to the ridge bounding Eoaring Fork valley on the 
^est. 

About 12 miles (19 km.) frora Glenwood the valley forks. Rock creek 
coming in firom the north to join Boaring Fork. Fn)m hère one has an 
TiDinterrupted view of Sopris Peak, which lies between thèse two 
streams. The gênerai structure of the peak,^ with the sedimentary 
beds sharply upturned around the dioritic core, can readily be distin- 
^aished in clear weather, and in the distance, up Bock Creek valley, 
one can see the high summits of the Bagged Mountain group, composed 
of laccolitic bodies of porphyry intruded into Creta^eous strata. 

AU the way up the valley of Boaring Fork, above Bock Creek, occa- 

Bional glimpses are obtained. over the intervening ridges, of the grace- 

111 
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ftil sominit of SopiiB, which is most beantiftiIintheBpriiigaiid aatamn 
when it is freshiy oovered with bhow. 

For aboat 12 miles (10 km.) above Bock Oieek the YBUesy bottom is 
BtQl in soft IJpper Garboniferous beds, somewbat fiuilted and oontorted, 
bnt in gênerai oocnpying a gentle anticline between the synclinal fiild 
on the westy at the east base of Sopris, and the triangnlar i^ynèline to 
the eastward already mentioned. The latter has been oonsiderably 
eroded and snbseqnently covered with basait fiows, parts of which stfll 
cover the higher flat-topped ridges, and their débris may be distin- 
gnished on the east side of the vaUey, mingled with tfaat of the led 
sandstones which form the bonnding clifFs. 

On the west sideof the yalley the lighter-colored Jnrassic beds mi^ 
be distingnisheiï, above the red sandstones, which now corne down to 
the yalley bottom with a westerly dip. 

At Aspen Jimotiim the main Une of the Colorado Midland leavei 
the Boaring Fork vàlIey and follows np that of Frying Pan creek in 
an easterly direction. For many miles above tiie Jnnction this Une 
follows a winding gorge cnt in red sandstones of Triassic and TTpper 
Oarboniferons âge, which présent grand diff ezposores. B^ond thèse 
it passes along more open vàlley s cnt in Lower Paleozoic Ùmestones and 
qnartzites, and flnally reaches the Archean granité and gneiss whidi 
forms the core of the Sawatch range. A long tnnnel in thèse rocks, 
nnder the crest of the range, is mainly in granité. 

In the Boaring Fork yalley, above Aspèn Juiction, the raiboad 
follows a flood-plain bench through a widening of the yalley, and then 
passes throagh narrows formed by red sandstones, massive below, 
thinbedded and lighter-colored above. The stmctnre is hère some- 
what complicated, showing sharp folds and some faulting. In gênerai 
the route now lies along the eastern side of a synclinal in Gretaceons 
and Jnrassic beds, tho northem continuation of the synclinal fold, 
already mentioned as formed by the nplifb aronnd Sopris Peak. The 
beds are mostlyargillaceousshales with some impure Umestones. On the 
east side of a second widening of the vaUey, which shows considér- 
able flood-plain terraces, is the mouth of Woody creek, another tribu- 
tary draining the west slopes of the Sawatch. 

The road now passes along the strike of the westerly dipping Cre- 
taceous shales and limestones, the hills on the east being formed of 
underlying red sandstones, wliile on the west the sharp synclinal fold 
can be distinguished in a harder lîmestone bed (probably Kiobrara 
Oretaceous). 

Just before reaching Aspen a flood-plain terrace is crossed between 
Maroon and Gastle crciîks, up whose valleys, to the west and north 
respectively, distant glimpses may be had of the casteUated forms 
around Maroon and Pyramid peaks in the Elk Mountains. 

The Valley gorge of Maroon creek is eut, in an east and west direc- 
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and broken them by thrust faults. Along the upper ridge of AspeQ 
moantain, to the southwest of the towD, the rocks strike north and 
south and are broken into blocks by a séries of north and soath fanlts. 
Along Spar galch, in which rich ore was first discovered, the strata 
bend in strike to the iiortheast, and continae in this direction across 
the Valley into and beyond Smuggler moantaiu, which is the spur 
between the valley of Boaring Fork and that of Hunters creek, This 
portion is also broken by thrust faults, which run so nearly parallel 
with the stratification of the steeply dippiug beds that they are difli- 
cult to trace. 

The principal mines are in Aspen and Smuggler mouutains, overlook- 
ing the towu ou either side, but rich developments are found for many 
miles along the horizon of the Lower Carboniferous, both north and 
south, always within a few hundred feet of the underlying Archean. 
The production of the région lias been froni $6,000,000 to $8,000,000 pep 
annum for some years,but is now (1891) iucreasing. The MoUie Gibson 
mine on Smuggler Mountain has a most remarkable body of nearly pare 
polybasite, froiu which dividends are being paid at the rate of $100,000 
per month. 
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By S. F. Emmons. 



SUtion. 



Gleuwootl . . 
Shoshoue.. , 

DotHero 

Gypeum . . . 
Kio Aquila. 
Sherwood . . 
Wolcott.... 
Allcntou . . . 
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Klcvation. 



MftCTH. 



Station. 



Pistancc. 



Elévation. 



10 I 
18 I 
25 I 

40 ! 
43 I 

4-1 



I 



Avon 

Minturn ... 
Rock Cn*C'k 
RrdCliff... 



5,707 1,758 

16 1 6,104 1.86») 

I 
29 I 6,130 ' 1,871 

41 I 6.310 1,923 

52 1 j Pando 

I I 'I 

64 I 6,886 2, 099 I TeunosBee Pass . 

69 i ! ! K(M'ldar 

76 I 7,129 I 2,173 ,, LeadviUe* 
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54 
60 
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67 
74 

83 
88 
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I Kilo- 
! metera. 



Feet. 



87 

97 

105 

108 

119 



Meters. 



7,809 j 
8,289 ' 
8,6r^ I 
9,227 ' 
134 I 10,418 I 
142 , 0,955 i 
145 10. 185 ! 



2.380 
2,527 
2,6:^ 
2,812 
3,175 
3.034 
3,104 



•Population 11.212. 

Froiii Glenwood for 12 miles tbe road follows a narrow canyon cutt- 
by the Grand river lu the Lower Paleozoic and Archeim rocks at th^^ 
Southern bnae of the White River i)lateaii. This canyon, which i&j 
bouuded by vertical clifï's weathered into picturesqne castellat^d forrasjfc^ 
reacîlies a depth of .'5,500 feet, the White River plateau immediatet^ 
north of it being 5,000 feet above the river bed. 
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turii totlie soutlipast in Klbowciiiiyoïi, itoshUik t'iuupluriurd Heci lieds 
ami cntering a mirruw synuline in Cretai-wras rocks. Iii tliis symiline 
tlifi Dakota Haniisfiints ar« strongly tleveloped and c:oiitutu «imeTOal 
tMMitim. Tliey are nverlaid liy the black ahalex ot' tlio Middle Cretace- 
ous; tbe uppeimoat bard bed si^eu iii the axis of tlie syurUne is proli- 
abli' tlie Niobiara lîmestiine, wliicb is alwayg a wcll niarked Iiorizon." 

The soiitlieast course is maintained until theKod Bcde appciir iigaiu 
from under ttie eyiicline, wben the road takcs a iiiuro itusteriy courte 
Tor almut 10 miles (16 km.) arross an area oi' roundnl hillH fornied i>f 
Upper aod Middle Carbontferoii» bods, already slioning a iarger pm- 
portioii of grits iii tbe vieiuity of tho ancient Bliore lineoftbe Sawateli 
uphfMival. 

The l'oad then eutera Ëagl» lîiver canyon, wbicb it follows iu a sonth- 
east course for (tver l'i mili's (24 km.). Ttiis pii-tiircsi]ue gurgoîariit 
alonn tlie north and «urthiast Hanks of tlie Art;beau uplîft of tbe 
Sawatcli. Ils boltom, whinh ie ft-nin 1,0<K) lo 1,500 feet (30G to 457 tu.) 
bolow the level of tbe snrRinndiug conntry, is generally !n the iinder- 
lying gniiiite andvgueiss, the siunmitti of the eliffs bdug l'orniod of 
Cambriuu iinart/it^s, and Siluriaii and Lower Carrxiuiteroug linifstouee, 
ivhîcb dip 10'' to Vi° to the nortliea»t, Kuccfvded in the higher UiIIh to 
tbe north by several tboiif>aud feet of grits and saudstones uf Aliddle 
and ITpiier GarbonifeiouH âge. Tlie aggri'gate thickness of tb« Lower 
l'aliHMioic séries, np to and iucluding the I>owerCarboniferou», isoiily 
abolit 000 fe«t (1S3 m.), of which about :llM) feet {!)l m.) are (piartzitfi*. 

Shortly after enteriog the canyon, shaft hoasee of Tarions mines are 
seeu perched high up on the (diffs to the uorth of the road, from which 
long aerial wire tramways for the traosportatioa of ore reach down to 
the level of tbe raiiroad. Thèse are a portion of tbe mines of Battle 
moantain in the Bed Oliff miaing district, whose oies axe shipped 
from Boek Cresk and Ked Cliff stations to varions smelting worka 
tbroaghout the country. 

Red Cliff Mining JKsfHcf.— Tbe ores of t^is district are foond at two 
distinct horizons, witbont any visible connection between tbem. 

The flrat are bodies of iron pyrit« with argentiferoua galena, in the 
Lower Carbouiferoas or Blue dolomitic limestone, beneath an introaîve 
Bheet of qnartz-porphyry, They occnr in immense bodies aa a replace- 
ment of the limestone, bnt are generally of rather low grade. The 
nianner of successive altération of such ores by surface or oxidizing 
watera tbroagh salpbates to osides ean be remarkably well seen in 
some of tbe mines.** 

The second horizon is 200 to .WO feet (61 to 91 m.) lower geologically, 
at the top of the wbite Cambrian quartzite. The ores are in smaller 
volnue and more irregular in distribution, but verymuch rîcher. They 
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Sri»), t'oosîstiug largely of basic salpbate 

ijtl ((l'ii). which ia iii gênerai not visible to 

.iii> lIiK' iiuggeta of golâ bave been found. 

jiiuiin^ tliat tbese metala bave, in part at 

Lii>] Lii'v budiea of tbe higher horizons iu 

iiiiiiît] iitsar tbe mining towii of CUnton or 
•h\vT of the cliffs about two miles uortb of 

>rian qiiiiit rites, whicb bave come down to 

"P'I t>y irnii oxides to a pinkish color. Tbe 

<'>i .viime uiilos beyond Sed Cliff, and tbevalley 

>*r''- ■•peu valk-y two carved ridges can be dia- 

^ ^<*i-Tinii.al moraines marking balts in tbe retreat 

n ntreti-lied (iown from tbe base of tbe Mosqaitc 

^.1 tt> tlie eastward. 

mis ffiadiially along tbe soatbeast wall of this val- 

it i^xiiusui-es of tbe Paleozoic séries np to the Upper 

iliifets of iutrusive porpbyry, can be seen on the 

ihirard iip a side valley iu Arcbean gneiss to Ten- 
■3,110 m.) wbich fonns part of the Continental 
s of the Pacific Océan £rom those flowing 

t of the pas» tbiougb a long tunnel, beneath a 

a quartzite wbioh forma the summit of the pass, 

^er side, past exposnres of Cambrian quartzite 

1 the east, iuto the broad Pleistocene valIey, 

'ark, at tbe bead of the valley of the Arkausas, 

a park it beu<iâ to tbe eaatvard across tbe East 

i, np Trhose glacial-carved gorge may be diatin- 

r bigb peaks of tbe Mosquito range in wbich it 

ttâion lises uver a gently sloping mesa fonued of 

a the city of Lead ville, wbich is sitnated ontheedge 

B base of the wetttern spurs of the Mosquito range. 




This 19 tlie moRt important miniiig district in Colorado, aiid siiice the 
falling-off Id tlie production ot' th? Comstock, bas been the gr<-jitest 
silver-prodacer in tlie whole West. Like so mauy otlicr silvor districts, 
it owea ita oxist«iiCP to the restlftss waiiderings of the early pioiieera in 
search of gold. Gold tvaa discovercd iii the neighboriDg gnlches in 
1S60; tbe richest portions of tbo placcTS vrere exhaasted tu a few yeairt, 
and tbe settleuieuts that had sprnng np aromid them were practicallf 
abundoned. When, âfteen yeara later, it becanie generally knowri tbat 
tbe heavy iron-âtained atones, which bad so miich annoyed the g»ld 
wasbers, were rich silver ores, a oew escitement, or "boom," ammig 
i reaulted; and, where in 1878 a few aeattered log housea were 
ail that were to be seen of bnman oncupaucy, lu 1880 already a city of 
nearly 15,(100 inhabitants bad spruug up, witb smelting works, banks, 
theatevs, and ail the adjaacts of a prosiierous miniug ci.4ut«r. Thu 
town of to-day, thougb more aubstantiatly bnilt, and with a itopulation 
which, thougb somewhat lens nitmoroiis, baa alao a amaller proimrtinn 
of restlesH prot^pectora and adventurers and more Bnbstantiai business 
men, still shows many charavteristics of tbat which ârat spnmg îuto 
existence with sueh marvellous rapidity. 

Thevalueof LeadvilIe'spro<luct,in thethirteen years since it became 
a silver camp, bas been between one hundred and âfty and one ban- 
dred and sixty millions of dollars, The anntial prodact now varies from 
t«u to lifteeQ million dollars, tbe principal value of the ores being in 
aiWer and lead, witb a small proportion of gold. 

The city ia situated at the western base of the Mosqnito range, on 
the npper edge of a geiitly-sloping mesa, about four milea east of and 
600 feet above the bottom of the Ârkanaaa valley. Thia mesa is formed 
of rudelyatratifled beds of coarse gravai and aand, washed dow» from 
the adjoining mountains at tbe close of the Qrst glacial period and 
deposited in a lake whicb, at tbat time, âlled the Upper Arkansas 
Valley above the prévient canyon at Granité. Tbe moraines lefl by the 
glaciers of tbe second gbicial period exten'le<l ont over thèse beds, and 
tbeir rearranged material, locally known as "wasb,*' an unstratified 
drift, coversthe lower portions of thebills and the intermediate valley. 
The depth of thèse successive gravel deposits immediately under Lead- 
ville is 300 to 400 feet and npwards. 
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ores, except iu certain liiniteU areas, du iiot cootaiii an apjtrci'iablo 
amouDt of ttiis métal. 

The geological structure of this district i» extreinely complicated. 
It« principal mines are 8ituat(>(i on one of tlie western spnre of tlie 
Mosqoito rauge, which range, as bad aiready been explained, is a [>ur 
tion of the Sawatch massive, uplifted into it8 présent position by fault- 
ing. This faïUtiiig wa« not, bowevor, a siuiple uplilting of the strata 
without plication or compression, as bas been described as the charac- 
teristic structure of the Plateau repon. It was, on the coittrary, pri- 
marily a plicjitioii produced by puweriul compression against the 
tmyielding Archean massive (Horst, llatoir)of tbeSuwatch. FunlUii)! 
bas been the flual resnlt, where the limit of plaaticity of the involvetl 
rock masset< bud been reached. The relative plasticityof différent por- 
tions of thèse rock niasses appeara to hâve borne an iuverso relation to 
the amount of intrusive b»l8 and laceolitie masses, wbieh already Ibruied 
an iutegr.ll part of the sedimeutary bed» involved before the inceplion 
of the plication. Wbere thèse were only in thin sheet», as on tho east- 
em âanks of this range, sharp anticlinal folds, generally mueb steeper 
on the western side. were formed before actualfracturingauddispluce- 
ment took place. The fanltlug iu such cases occurred on the steeper 
side of the fold, where the tension was greatcst. With a relatively 
greater proportion of emptive rocks to sedimentary strata, plication 
vas les» marked and faultiug more fïw{aent. In the ijnmediate %iciuity 
of Leadville, wliere the emptive shoots greiitly cxceed in volume tlie 
sedimentary beds above the Archean, with whicb they are practically 
inteistratified, faulting has been a muchlarger factorin tbenplift than 
plication, and the spur in whicb the principal ore deposits occnr cod- 
siats of a number of blocks, eacb faulted up to tbe eastward above the 
other, and traccable, in the présent topography as sboulders or hills. 
Thèse faulted blocks are not, however, as might appear at a flrst glance, 
simple uplifted mouoclinals, but fonn part of a System of synclines aod 
anticlines, whose axes bear a definite, though sometimes rather obscuie, 
relation to the planes of the varions faults. 

The protninent phases in the geological bistory of tfae région, as fu -r^ 
as they hâve yet been deciphered, are — 

1. Successive intrusions of porpliyry, the earliest of whicb (Whît^^ 
porphyry) was generally parallel to the stratification, spreading ont i-"^* 
places into laccolitic bodies. The later intrusions (Gray porphyr.^^^ 
were more frequently tranverse to the bedding, and formed thinn^^^ 
and more dike-like bodies, probably followiug to some estent planes ^ """ 
fracture produced by the shattering attendant npou the earlier intr"^^ 
siona. 

3. During the second phase occnrred the orignal ore deposifaV ^"^ 
which was a couceutratiou of the metals disseminated thi'ough the ro^r'~^J 
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masses along cbannels fonncd daring tlie preceding phase — contact 
planes between eruptive and sexlimentary rock niasses, and planes of 
fracture traversing eitlier. The déposition of ore took place mainly in 
the Bine or Garboniferons limestone, and was a process of replacement 
of this rock by metallic minerais in the neighborhood of thèse channels, 
the original rock structure being in many cases preserved in the ore 
body, 

3. The third phase was produced by the dynamic movements which 
resulted in folding, faulting, and displacement both of the sedimentary 
and eruptive rocks, and of their included ore bodies. 

4, The ûnal phase has been the graduai wearing away and dégrada- 
tion of thé uplifted masses and the carving ont of the présent mountaiu 
forms, so that the ore bodies, formerly deeply buried, hâve been brought 
near the surface and exposed to the action of atmospheric waters. 
Thèse reached them readily along the great fault Unes and down the 
gently dipping stratification planes, and changed not only their minerai- 
ogical and chemical composition, but to a certain extent their position. 
The great accumulations of gi-avels, which cover ail the lower portions 
of the hills and valleys, hâve probably rendered especially active the 
deconii)Osing action of surface waters, as they contain a sufhcient admix- 
ture of clay to render them capable of holding within their mass a great 
deal of water, after the manner of a sponge, and thus giving it time to 
a«t more thoroughly and deeply thau if it were rapidly and freely 
drained away. 




[B; 8. F. Ehhonb.] 



From Leadville the road desceads over the gently sloping mesa of 
Pleistocene lake beds to the Arkansas valley bottom at Kalta. It then 
follows tbe Içvel river bottom soutbward for 12 miles and eaters a nar- 
row, Tinding gorge in Archean graoite. The old obtlet of the Iràe 
that once ûlied Ûie apper portion of the Arkansaa valley lies to tbe 
west of the présent course of the stream, nearerthe base of the Sawatch 
inonntaios. It is dow fiUed with gravels and crossed by magniâceut 
monÙDe ridges of tbe later glacial epoch. Thèse gravels carry gold, 
and it was this that attracted the ârst miners to this région îd 1860. 
A flnme carrying water for hydraalic washing crosses the railroad on 
the right. As one descends the valley, many abaudoned placer wash- 
ings in tbe ooarse glacial gravels can b« seen. 

Twin LakH is the station from vhich the beantifnl glacial lakes a 
few miles to the westward are reached. Thèse lakes lie at tbe opening 
of a magniâcent gorge in the Sawatoh range and are fornied by terminal 
moraines, a moraine ridge separating the one from the other." 
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mesa-topped ridges, covenid by Pleistoia^ne beds and uuderlai<I by 
nptumed bedsiif earlier Tertiary, whosenge bas iiot yet beeii deU-i- 
mined, Tbe view of tbe Sawateh Mountain peaks to tbe northwist 
and Moant Ouray oa the west ia bere very une, 

Tbe billB on tbe eastero slde of the Arkausas, fc»* several mile» above 
and below Salida, are muinly couipoaed of a Heriet:; of crystalline scbûlit 
and some more massive bands. wbich bave beea referred to tbe Algou- 
kian period.* Ttie known exposures of tbia séries of rocks extend 
from a poiut about foar miles (ti km.) nortb of Salida itontbward along 
tbe easteru bank of the river to where it benda east into tlie sedimen- 
taries, wbich eover ttiem, aud theiice westward into tbe nortb eud of 
tbe Sangre de Cristo range. Immediately opposite Salida andesitii? 
breccia coocealH tbe scMutsfor nearly one mile (1.61 km.) back from tbe 
river, and at »ix miles (10 km.) or more tbe sedimentary rocks ia rem- 
nauts are fonnd on tbe edges of the schists, Tbeir outcrops to the 
nortb are limited by andesitie brecc-ia. 

Aa now known, tbeae schists are derived Irom ernptive rocks of at 
least tno kinds, one acidic and one basic, whieb ori^nally sacceoded , 
each other in a long séries of alteniating flows, probably witb tufl's or 
fragmentai deposits of the same materials in certain places. The most 
masHive rocks now preserved are those occurring în tbe Arkam^as val- ' 
ley below Salida, and tbe most alt«red achistose fonns are at tbe nortb- 
em extremity of tbe known aection. Hère are âne schiatose rocks 
varîoiiBly cbaracterized hy mica, chloritf, garnet. stanrolite, aod various 
amphiboles. One looae-flbcred actiuolite scbiat ia locally so impreg- 
nated by copper orea tbat tbe material bas been miued at a profit. Tbe 
principal mine, the "Sedalia," is situated on the hillaide faciug the 
Arkansas valley, about tbree miles (5 km.) nortb of Salida. In a ehlorit« 
scbist adjoinîDg tbe copper-beariiig layer occnr tbe bage dodecabedral 
gametiS whicb bave been so widely distribnted over the world througb 
minerai dealers. 

[By s. P. Emmoks.] 

Below Salida the Arkansas valley changes from a sonthem to an 
eastern course, across the Boutbem extension of the Mosqnito or Part 
range to tbe Colorado or Front range. 

At Cleora the valley narrows and tbe road passes over the more mas" " 
aive rocks of tbe schistose séries into Lower Paleozoic beds, dipping tc^^ 

'In the month foUoiring the eicuisioD of the Congreae the writer wu Bb]e tc^^* 
examine, in aome détail, the Bcbistoao séries in question, and the statementa as tc:^^' 
its charucter hère given are baseil on thia récent study. The strata visited h^^' 
aonie of the geologist» in tbe ravine east of Salida belong to the most thoTongbl^^^' 

metamorphoBed part of tbu séries, and their origiu is ulear only through the iiiter 

médiate stages fourni in other parts of tbe section. 





Hiinliuiï saniUtoiiv that in the stiction tiear CutjoB Ci^ are cooreaM 
f Uia overlu|> at' tbe llartlitiB »aiidHtnae. The sectJou ia as fuUows : 

a. frvautal liBMtoiw ^« 

*. lUlyalto» Ubimmim iMtinuUa) 1«D 

3;. UwtUag MailKtuiM _ ll« 

», l.'*ll-UMWUa tl-JtlUb lilttMlMM I 

I. CttBlij. twtiiiklt (.'«nâbri^u lliuntUni; 2S 

Chiiiiu't^riKltc Catnbrûui ros»il» were fouiid in Ko. 1, and in Ko.2 tiie 

1» ttfiÀii«Uà ami Balhgurm WKUT, 
Vb» iwfmt t*s{N)«uiv of tbi« WîrivB io tmmil in Gardon Park, li<Hth of 
'''Vuiyoïi City, whvrv a plaU'im fornied by tiie Xlalysiten Hmestone i» 
knfcVi>RMHl l>y nantcJVUM oanyous that eut dowti into tliecrystalliue rocks 
bvii^wtti ibt* l*an)bri»n. 

[By S. F. Emmdns.] 

Iti Ike bmlx tminwlintely underlying tlie Dakota sandstones aboot 
tu luthw uwlh of OaoyoD City abuudaut Sanriaa remaîns of npper 
Ji\u«mhtt>'|*Mi('l'^"<'>**<i*"'*(^i Stegoaaunis,etc.y* Iiave been fonoil. 

KntiH OuTOk Gitj tlio road passes ont uttou tbe Great Plains, whose 
wirlkH'v frim lierv to l'aeblo ùi fonned of the uearly horisontal claj-a 
éuiA ttiUMttWMMt of the Hontana and Colorado Cretaceous. A short dis 
teiu<0 MHlth4>«Hit oT Ou^ron Oîtj, In comparatîvely dose proximity to 
Ou- i.B'ttiilU, ;t sinitll syiulitDtl liiisiii of toiil-bciirinc: Laramie rocks lui* 
vw^i^hI fuiaiuu, aud voal is actîvely mlncd. Jnst before reaching Floi^ 
«Mt th^ uorCheru vnd of this basin is crossed, and tbe Laramie saud- 
«^«MktM ■.'»» ï'«' di^tiu^isbed oapping some bigh binffa to the north of 
tku» liviT. 

•VKhiI VtotvBO» is an otl âeld whose prodacc reaches 2,000 barrels 
\m it«y. Ttt>- ot) i-ome^ niatuly from the Pierre shales of the Montana 
Ci«(«t,-M>u», .t'id isobtaiue<l fromdepthsof 900 to 2,000 feet (273-610 m.). 
It^ tH-<,^«iu|><tii,vin}; uiap (PI. ix), from a paper on the Florence oil âeld, 
b^ \t«Mr|i« II. Kldridge,'^ sbows tbe geological stractnre of tbis région. 
^iM^ut t» Nt\*U>tiJ'>t milesto tbeinch. or abont Tya'tnFd* The contours are 
ikkvwV^'4^ luti^i'valsof 1^5 feet. The letters indicating geological sabdi- 
XIM^'U" '""' A = Airhean; 8 = Siliiriau; C = Garboniferons; T = Tria$; 
4^ilw[«i Kil= Hittota (Cretaccons); Eb = Benton; Kn = Niobrara; 
)^>lM)tut><«; Kl=: Lanunie Cretaceoas; q = Qiiatemary. 

Mu^MUd Vlui*n«« tlie rocks rise slowly, and the road follows the riyer 

lÉ huiiditii feet or more below the level of the sarronnding 

lu ilio bbifts wbich Vwrder tbis bottom can be distînguished 

^^ ^%tvt i>t->ls i>t' Niobvant liiuestoue, which rîse aud fall in gentle 

tmij: llio ixtutt'. 
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The city of Pneblo is important as a railroad center, and contains 
metalliugieal works for reducing the varions ores wbich are bronght 
down grade irom the inining districts of the mountains. On the mesa 
to the south, at Besseuier, are the iron and steel works of the Colorado 
Coal and Iron Comx)any, where there is an extensive Bessemer plant 
fbf making rails. Nearer the town, on the mesa, are the lead-smelting 
Works of the Colorado Smelting Company, managed by Mr. Anton 
Eilers, and to the north of the town and adjoiniug the railroad are 
the lead-smelting and refining works of the Pneblo Smelting and 
Eefining Company, Ilerman Geist, manager. A permanent exx)osition 
building, known as the Colorado Minerai Palace, has recently been 
opened hère for the purpose of exhibiting collections illustrative of 
the minerai resources of the State. 

The road now bends northward ui> the valley of Fountain creek, 
about 12 miles (19 km.) to the east of the mountains, still remaiuing 
upon the clays of the Middle Cretaceous. As it gradually approaches 
the mountains, good views of the Pikes Peak group are obtained. 
Tlie stream was originally uamed by Canadian trappers Fontaine qui 
bouill€y from the effervescent si)ring8 near its source. 

Colorado Springs is a tlourishing cit}' of 7,000 inhabitants nituated 
upon the mesa, on the east bank of Monument creek, three miles from 
the mountains, whosemild) yet invigoratingclimatehas made itfamous 
as a health resort, especially for consumptives. The traveler has hère 
a magnificent panorama spread ont before him, the central feature of 
which is Pikes Peak, 12 miles (19 km.) away, towering above the lesser 
mountains and foothills. To the south is Cheyenne mouutain (9,407 
feet — ^2,867 m.), a précipitons peak rising abruptly from the plains, while 
to the west of it is St. Peters dôme, a celebrated minerai locality. Be- 
tween Cheyenne mountain and Pikes Peak is the picturesque gorge of 
Cheyenne canyon. A beautiful casino near by is connected by tram- 
way with the city of Colorado Springa. 

From Colorado Springs the train follows a branch road up the valley 
of the Fountain to Manitou, five miles to the westward, in a sheltered 
nook at the very base of the mountains. 

Just beyond Colorado City, the first capital of Colorado, the upturned 
Niobrara Cretaceous limestone is seen, and from hère the route crosses 
in succession the Lower Cretaceous, Jura, Trias, and Carboniferous, 
ail steeply upturned. To the south of the track, the jagged edges of 
red Triassic sandstones are seen striking for the Archean foothills. A 
northwest-southeast fault cuts them off, as indicated on the Hayden 
map. To the north, the towering masses of the **Garden of the Gods^ 
are seen from certain i)oints. 




Manitou in :i wiiteriiiK pince aiid saiumer resort, r«lebrated for iU 
spritigH itf □ùneriil wat«r aiul tlie inaiiy objetîtsof interest îii its immé- 
diate vicinity. It lia» tive large tintfls and many smaller oues. The 
towu lies îii tlie valIey of PoaDtatn creek, in a little bay indenting tbe 
l'oothills of tlie Arcbean inouiitains, The 8ediiuei]tar,v rocks ocoapying 
this bay are of Sihirinn and Lower Carboiiiferous âges, and do not 
appear elsewbero for luany miles iiortta or south. Altbougb tbe detaib 
of tlie local geology hâve not bet-n accurately worked ont, t!ie peneral 
strnctnre ia âliowu by tbe Haydeii iiiap.'" To tlie north tbe straU 
are aeeii restiiig on Arclieaii gneiss, witb a southerly dip of 10^ to35° 
and riiuiiing well np od thi> mouiit^n slopes, butonly suiall patcltea 
appear to the north of tbe stream whieb isaaes from tbe footJiîlls at 
Olen Eyrie,three miles trnm Manitou. The disappearanceof tbe forma- 
tions in tbis direction seems to be caused by érosion preueding the 
Ti-ias, for the shore linb of the latt«r formation shows a trsnsgr^Hsioo 
froiLi the Archean obliqnely arrosa tlit- Sîinrian and Ciirhonîferons. 

To tlie soiitli ..r r.Jiiiitiiiii rret'k tlu' I';iU-.i/<,ir, Tri.issû-, -lunisMc, 
and Dakota Gretaceous beds are successively eut off by a faolt line 
witb nortbwest-soutlieast trend, This line crosses Ruxton creek weat 
of town near tbe Midland Railroad bridge. In the line of tbis fanlt 
to the northwest is Manitou park, a long, isolated basin in the monu- 
tains, occupied by the Paleozoic formations seeu at Manitou, bat witfi 
a somewhat dittereut development. 

Tbe best opportunity to see the Silurian beds and the contact with 
tbe underlying Archean is in Williams canyon, a narrow, picturesqne 
gorge, wliose month is close by the Cliff House. Tbe canyon estenda 
almost due north for about two miles, its nearly vertical walls, 3O0 to 
500 feet in height, beîng maiiily made up of Silurian limestooe. 
Ascending the canyon from Mauiton one descends geologically, owing 
to tbe soutbeasterly dip of tlie strata, and at about one mile &om the 
town the contact of tbe thin qnartzite nnder the limestone with tiie 
gneiss is very plainly seen. In the cliffs on the western side ara 
ext«nsive caves in the most massive stratum of limestone. Tbe "Cave 
of the Wiuds" is open to visîtors. Tbere are several otber caves »t 
the aanie horizon in the vicinity of Manitou. 

By paasiug u|i IJt^i creek to Kainbow falls, one mile from tbe bath 
house, anotber good view of the lower partof the Silurian section and 
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the Archean coutact is obtaiiiable. The line of the fault mentioned 
above is seen in going up Euxton Ci'eek to tbe Ute Iron Springs and 
to the dei)ot of the Pikes Peak railroad. 

The minerai springs, for which Manitou is famous, issue at several 
horizons in the sedimentary rocks and from the Archean. They are aîl 
earbonated aiid saline, while one of them is strongly chalybeate. The 
température of the water varies from 4'P to 60^ F. (6^ to 15^ C). There 
is a bath honse in connection with the larger soda springs. The Ute 
Iron Springs are in Ruxton valley.* 

The **6arden of the Gods" is situated about one mile north of Foun- 
tain creek and three miles northeast of Manitou. In it rise towers and 
pinnacles consisting of tbe vertical strata of the white Dakota sand- 
stone, or of the red Triasaic sandstones below. Some of thèse huge 
masses rise vertically for 200 or 300 feet, and serve as fine examx)les of 
the érosion of steeply-upturned strata of varying consistency. Lower 
white ridges of Jurasaic gypsum or of Cretaceous limestone afford 
strong contrasts in color when compared with the red sandstones. 

Pikes Peak. — Pikes Peak rises to an élévation of 14,147 feet (4,312 
m.), or 7,838 feet (2,389 m.) above Manitou. It is seven miles distant in 
air-line; is reached by cog-railroad, by horaeback on pâth, or by car- 
nage from Cascade station on the Colorado Midland railroad. 

Pikes Peak is the center of a group of mountains which are mainly 
made up of a coarsè reddish biotite granité. In the granité are many 
coarse ])egniatite veins, and in some localities pockets lined by crystals 
of smoky quartz, amazon stone, and a large number of less abundant 
minerais. While thèse minerai occurrences hâve made the name of 



*Tho following analyses of the waters of the principal springs are taken from Dr. 
A. C. Peale's Minerai Springs of the United States : ''^ 
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Tlie above Bketob by M, Eysséric, of the visiting ^eologiste, was 
takeii on the soiitliem slope above timberline. 

TLe liât of minerais fouiid in the granité of tbe Pike's Peak région 
einbracesortliocliise,microcUnc,albite,biotite,nmBCOvite,quartz{8inoky 
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and clear), topaz, phenacite, kaolinite, arfvedsonite, astrophyllite, 
hématite, limonite (pseudomorph after siderite), goethite, targite, cas- 
siterite, rutile, zircon, flaorite, cryolite, pachnolite, thomsenolite, geark- 
satite, ralstonite, pro80])ite, elpasolite, tysonite, bastnâsite, allanite, 
xenotime, gadolinite, damarskite.''* 

A large namber of minerais, inclading ail the ilaorides, zircon, astro- 
phyllite, and arfvedsonite, occur near St. Peters dôme, 10 miles (16 km.) 
southeast of Pikes Peak. This locality is reached by carriage from Col- 
orado Springs, a fall day being necessary for the trip. The same road 
leads to the Seven lakes at the south base of Pikes Peak, and along its 
course fine mountain views are obtained at many places. 

Other points at which fine spécimens bave been found are scattered 
ail over the foothills of Pikes Peak, but only at St. Peters dôme will 
the casual visiter be likely to find yaluable spécimens himself. A fine 
collection of minerais for sale can be found at the Iron Spring in Bux- 
ton creek, below the dépôt of the Pikes Peak railroad. 

The locality which has furnishd the finest amazoustone crystals, and 
also phenacite and topaz, is near Florissant, a station on the Colorado 
Midland railroad, 30 miles (48 km.) from Manitou and 15 miles (24 km.) 
northwest of Pikes Peak. Fine topaz crystals hâve also been obtained 
at Devils Head (Platte mountain), 30 miles to the northwest. 

In the vicinity of the village of Florissant is the small isolated lake 
basin of Upper Eocene (Oligocène) beds, which hâve become celebrated 
for their wonderfdl insect fauua and fossil flora. Fishes and, more 
rarely, birds hâve also been found hère. The strata of this deposit are 
composed of volcanic ashes, and they can not as yet be accurately cor- 
related with any beds known elsewhere. The geology of the basin has 
been described by S. H. Scudder." 
461 GE ^28 
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Frotu Colorado Sprîngs tiurtbward tUv roat« foUow» uji tlie vnlley of 
Mouumcut crei'k. For several niilea its course is in MoDtnna Mlialee, 
but below Edgerton it enters the Laraiiiie formtitioD, wtiich preseats s 
Une Df bluffa faciug ta tlie aoathwest. Along tlie bauks one seea &om 
the train » teiulency to tUe productiou of i-nrious forms by the uoc(|U8l 
emsicii of tbo simdstoiie i.-oiitai!]in}r Imi'd and usually feirugiiioiis Iny- 
ers. lu the distri<;t lyiug to the west of the railroad is the celebratcd 
Moiiumeut park, where the en>sioua) forms are niost abondant aiid 
Qotfin'ortby in shai)e and size. 

The road gradually approaches tbe Archean footfaills, aod at the heià 
of Motiumeut creek rea^hes the divide between the waters of the Ark- 
ansas and l'latt« ri vers. This divide exteuda for many miles eastvard 
with a général élévation of about 7,500 feet. It ia timbered iu'certaiu 
areaâ uud is coiuposed of Tertiary strata, mostof whieh are aesignedto 
tbe Monument Creek formation of Ilayden, tbough detailed studies maf 
very probably show tbat several distinct formations bave been grouped 
as ouo. Owing to a discoveiy of Miocène vertebrate remains some- 
wberc in tbis séries the whole bas been supposed to be of that âge. 

The railroad cix>s3e:s tlie divide at Palmer Lake, within a huudied 
yards of the Archean line, and just west of the station may be seen 
strata of the Monument Creek formation restiugun granité, with a gen- 
tle easterly dip. Kast of tbe station is a small lake ou the sunimitof 
tlio divide. It hus been artiticially enlarged. East of tbelakerisesa 
hill in wliioh are giwd exposnres of the coar se- grain e^l grits and saiiil- 
stoues of tht> Mrtiiiinit'nt Creek. Ou either side of the divide the usnal 
zoiie of uiiturne<l st'dimeulary rot-ks, following tbe Arebean contact, is 
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coiicealed by the Tertiary strata whicli abat against the foothills. On 
the northern sido of the di vide the road again diverges from the foothill 
line and passes rapidly down into the valley of Plum creek, wliich it 
follows to the Platte river. The most striking feature of the laodscape, 
for a considérable distance, is the niimber of isohited flat-topped buttes, 
which are made up of Monument Creek strata with, in many cases, a 
capping of pinkish rhyolitic tafif, a rock much ased as a building stone 
in Denver. Thèse buttes are specially well showu in the vicinity of 
Larkspur, Douglas, and Castle Eook. The quarries from which the 
taff is obtained are near the last two stations. In Castle Bock, a small 
hill with abrupt cliffs at the top, is évidence of an érosion which fol- 
lowed the tuff dei)osition, and indicates a division line in the Tertiary 
séries, the importance of which has not y et been démon strated. Ter- 
tiary beds extend somewhat farther north than is represented by the 
Hayden map, and it is not until within a short distance of the Platte 
river that the underlying beds are exposed. 

Below Sedalia the line of uptumed strata foUowing the moantain 
base becomes again visible, and the Dakota hogback in particular can 
be traced for miles. Shortly before reiiching Aceqnia a large irriga- 
tion ditch is crossed, by which water from the Platte is conducted to 
the dry plains immediately east of Denver. Opi)osite Aoeqnia is seen 
the gap through which the Platte river issues from the mountains. 
From the mouth of Plum creek to Denver the route passes over the 
two post-Laramie formations — the Arapahoe and the Denver — which 
will be referred to in détail below. 



DENVER. 
By Whitman Cross. 

In 1859 the flrst log house was built where Denver now stands. In 
1870 the city had 4,730 inhabitants; in 1880,35,628; in 1890, about 
140,000. In its business blocks, theaters, school buildings, and pri- 
vate résidences Denver stands on a par with many older Eastern cities 
of a larger x>opulation. 

The city is built on slightly terraced plains, along either bank of the 
South Platte river, at about 10 miles from the mountains. From a 
favorable point the observer commands a magniûcent view of the Front 
range of the Bocky Mountains, extending from the northern line of 
the State southward to Pikes Peak, a distance of 150 miles (240 km.). 
The most prominent peaks visible from Denver are, commencing at the 
north, Longs Peak (14,271 feet— 4,350 m.); Grays Peak (14,341 feet— 
4^71 m.); Mount Evans (14,330 feet— 4,368 m.), and Pikes Peak 
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(14,147 feet — 1,312 m.). A tiotiiblv toatiii'u of the landHcupo iu Taiîït 
mouiitain, a geutly slophig nieoa iit the baseof tlio unMintains, dîrectly 
wtfBt o( Dell ver, wliore a basait 8hect bax prott-octed tbe ooft uuâerlying 
Btratafrom (.tomoii. Behitid tht> mesa îs the city orUoldeii. 

Dériver ifi tlie commercial ceiiter of a rery large territory. It w of 
spécial imporUince through ita relatious to tlie miniug ludustry ot tbe 
niountaîiioas région to tlie westward, for it U tlie greatest ore mark»t 
i}f tbu Rocky Muuntaiiis. From inîitiiig campa, Dotonly in Colorado, 
but alHu in the siirroumlitig Stiit^s and Territories, ore is broitgbt to 
Denver, nampled, and eold In tlic public market. 

There are in Mie city tlirec veiy large smeltiug ctitabliHliiDVDte. Of 
tliese the Bost«iu and (Colorado Hmelting Company, wboee works are lu 
the Buburbs at Argo, deaU prineipally with the more refra^^tory ores, 
and jiaye especial attenlioii to orcx coutaiiiiiig copi>er, HJIver, and gnid. 
The process ia a modiâcation of the Zieryogel procesB. The gold U 
separat^d from the copper by an opération wbieh ia kept secret, The 
Omaha and Orant Smelting and Reâning Comi^any, whose rehaiug 
Works areatOmalia, is saîd tn be the largest establishinentofits kiud 
in tbe world. Argentiferoua lead ores, 8ucti aa thoae of Leadville aud 
Aapeu, are. the ones uiost sfiught for hère, aa also at the Globe Siiiell- 
ing Works, iiear Argo, where soœe «f tbe largest leatl furiia«es in tlie 
world are in opération. 

Among the piibli<^ biiildinga worthy of note ia tbe State ciipitol, 
now bfiii^îeti'ftP-i un ;i luMiitifu! sit.i r.u (îiipitol liil!; tlie Arii!i;ilnN' 
Coanty court bouse on Sixteentb street, bailt of a grayiah Bandatooe 
from the Laramie Cretaceoua, and the High School building, one oftbe 
largeat Kcbool édifices in tbe Uuited Statea, In the apper corridors of 
tbe laat-named building are temporarily displayed the collectioiis 
of the Colorado Scicntiflc Society, which are wéll worthy of a vist) 
especially for the mineralogista, 

A mining-stock esehauge, started a few years ago, is nowerectûiga 
bandsome building for ita uae. 

The visiter will, nndoubtedty, note tbe great variety of beautifiil 
building atones ased in Denver. Thèse are nearly ail the produclof 
tbe State, and mauy of them come from quarries near tbe ci^. Frou 
tbe Archean cornes a coarse graiucd red graait« and a fine-graioed gnf 
granité. The red saadstones of the Trias and Jura are mach lued. 
Wbite sandatones come from the Dakota Cretaceoos, or mncb mon 
commonly from tbe Fox Hilla or Laramie Cretaœons. The latlw 
rocks are very eaaily worked aud hâve varions Boft tinta of gnfi 
brown, or yellow. Beautiful marbles of white and variegated colon 
occur in Colorado, but bave not yet beeii used to any great exteot. 
One of the most popubir buihling atones, eapccially adapted for ras)' 
dencËS, but also uaed in the Union Depot aud in other large bail<lii>^ 
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is the light pinkish rhyolitic tuff intercalated iii the Tertiary strata 
sonth of Denver. Tlie fine flagstones used in the sidewalks of Denver 
oome from the red beds of the Trias or from the Dakota Cretaceoas. 

Tke geological formation inimediately ucderlying and sarrounding 
the city is the Denver beds, "^ a fresh-water lake deposit whose sand- 
stones and conglomérâtes are characteristieally, and in the lower 
portion ahnost exclusively, made up of volcanic rocks, represeuting 
many varietiea of andésite. The Monument Creek beds rest uucon- 
formably upon the Denver strata in the highlands to the southeast. 

Below the Denver beds occurs aiiother fresh-water lake deposit, the 
Arapahoe beds, whose most prominent member is a conglomerate free 
from volcanic materials, but containiug pebbles of sedimeutary rocks 
recognized as belonging to various horizons from the Laramie dowu to 
the red sandstones of the Trias. Below the Arapahoe beds come the 
normal Laramie Cretaceous clays andcoalbearing sandstones. Uncon- 
formities of dex)Osition occur between the Laramie and Arapahoe, and 
between the latter and the Denver beds. ^' ^ 

Both the Arapahoe and the Denver beds contai n numerous fragments 
of Dinosaurian remains, the majority belonging to the recently dis- 
covered family of the Ceratopsidœ, The fossil flora of the Denver 
beds is very rich, but paleobotanists hâve uot as yet diflferentiated it 
fh>m that of the coal-bearing Laramie of this région. The molluscan 
fauna is small, but also shows a close relationship between the Denver 
and the Laramie. For thèse reasons paleontologists hâve held that 
the two lake deposits in question belong to the Laramie Cretaceous, 
but the stratigrapher finds, in the évidence of enormous érosion preced- 
ing the Arapahoe epoch and of a long period of erupti ve activity before 
the Denver ei>och, grounds for holding that thèse formations should be 
distinguished from the Laramie proper, and that they are either of 
earliest Eocene âge or of a Cretaceous period succeeding the Laramie. 

The Denver strata are exi)osed in the banks of the Platte river, and 
in many of its smaller tribu taries; bat a good idea of the characteris- 
tics of the séries can only be obtained by examining the sections shown 
on the line of folding near the mountains. The rusty brown sand- 
stones appearlng on the plains are ofben indurated by a large amount 
of zeolitic cément, and the soils resulting from the décomposition of 
the eruptive materials are quite fertile. 

A few years ago artesian water of remarkable purity was struck in 
Denver while boring for coal. The water was found to come from sev- 
eral horizons between 176 feet and 1,200 feet in depth, mainly in the 
Arapahoe beds. As the supply basin was a small one the large num- 
ber of wells which were sunk soon decreased the pressure, and to-day 
nearly ail the wells in use are pumping wells. 

The formations cx)nstituting the plains about Denver are chiefly a 
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LoefiB-like FIrâtocene deposit, whioh forma a Yety ridi aoil, thoogh 
flrom laok of moistnre the plains appear to be arid, and nntOi teigatod 
piodnce little beside fhe prickly-pear cactus {Opuniia)y the soap nMd 
( Tueca)j Hbe sagebrnsh {Artemi$ia)y greasewood {SQreobaiea)^ and scanty 
grasses. This Loess doposit is widely distribated over eastem Odlo- 
rado^andteemsto connectdirectlywiththatof the Missouri yaDoy. ^ 

From ]>enyer a nomber of very interestiiig excursions can easOy 
be made to i>oints iUustrating clearly various features of the Ibothill 
geology. At Flatte canyon, Morrison, Golden, Balston creék, Bouldcr, 
and St. Yrain's creek, ail reached by railroad, one can study beautiftil 
sections of the uptnmed sédimentary séries from the Archean to ihe 
Ck>lorado Cretaceous, or, in some cases, to the post-Laramie of the 
Denver formation. The excursions to Morrison, (ïolden, and Balston 
creek are easily made from Deuver in one day, retuming to the city 
at night. There are good hôtels both at Morrison and Ctolden. 



EXCURSION TO MORRISON. 

By Whitman Cbom. 

Morrison is a little village 12 miles (19 km.) southwest of Denver, at 
the end of a branch of the Denver, Leadville and Ounnison railroad. 
It is picturesquely sitnated on the banks Of Bear creek, whicdi hère 
issues frx)m the mountainn, crosses the monoclinal valley between the 
Archean and the Dakota hogback, and cuts its way through the latter 
to the plains. Jast within this gap is the town, with fine exposures of 
the Mesozoic section below the Colorado Cretaceous close at hand.* 

Dark red Triassic sandstones at the base of the sédimentary sériés 
form the most prominent outerops seen in the section ou the north bank 
of Bear creek. Above them comes a creamy white sandstone, and 
above that, forming a low ridge at the base of the Dakota hogback, is 
a limestone which is burnt for quicklime. This limestone occurs in the 
mldst of red clays and shales. Mr. Eldridge has induded thèse beds 
in the Triassic part of the section, differing in this from the division 
adopted by the Hayden survey. 

The smooth western slope of the great Dakota hogback exhibits very 
beautifally the variegated maris, clays, and shales of the Jura. At a 



*Fig. 26, on page 439, is a reproduction on half scale of the drawing by W. H. 
Holmes, published in the Hayden report for 1874, p. 36. The section given is on the 
north bank of Bear creek and shows the relationships of the varions formations 
which can be eaaily visited, from the Archean gneisses of Bear canyon or Monnt 
Morrison on the west, through the sédimentary section beginning with the red beds 
of the Trias, and extending to the highest known Denver beds in the summit of 
Green mouutain on the east. 
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horizon not far belov tbe Dakota, aiid on tlie 
slopefac'iugthetowuofMorriBon, Prof. Arthur 
LakOBfonndtbefirstgiganticDiDOsaur botics 
npon vliich Prof. Marsh establislied the genut^ 
Atlsntosanma. Other reinaiiia of the same 
animal bave been fonnd at tliis horizon, both 
totfae north a:id south of Morrison, and aUo 
at acorrespondingiiosition nearCaD^oiiGity. 

In the white Dakota sandstoues aud iu a 
flre-clay bed in tbe middle of the sandstotie 
HeutJou there bas been fouud an cxt«usive foa- 
sil Sora which bas been niade tbe subject-mat 
ter of a monograph by Prof. Lesquerens, pub- 
lished by the U. S. Geological Survey. The 
section of Fort Benton sbales iminedtately 
overlying tbe Dakota is niost clearly seen on 
tbe Boath bank of Bear creek, along tbe Une . 
of an irrigating ditoh, 

The sinall ridge at the base of tbe Dakota 
bogback is caused by the Xiobrara limestoneâ ; 
and tbe entire section of the Niobrara is very s 
well shown in the part of the section illus- ! 
trated. \ 

FoUowing tbe Niobrara cornes a great th ick- | 
neaaof Fort Pierre sfaales, wbich, along Bear ; 
creek, bave a thickuesa of ovor 5,(K)0 fect, * 
wbileîn the section running from tbe siim- ; 
toit of Oreeu mouutain, about three miles to ' 
tbe Dortbward of Bear creek, tbeir tbickness 
is rednced to a few bnndred fcet. From tlie 
obserred variation in the thickness of thèse 
beds, together with tbe visible divergence of 
strike in tbis interval, Mr. Eldridgebas e»tab- 
lished a considérable nncouformity between 
the Niobrara and Fort Pierre. *' 

Above tbe Fort Pierre corne the shales of 
the Fox Hills in tbeir normal development. 
At the western base of Green muaiitain is a 
small bat distinct ridge of the Laramie sand- 
stones (d, Fig. 26) iu vertical position, cou- 
taining coal beds, hère of less tban the nor- 
mal tbickness. Tbis line of the Laramie beds 
is clearly traceable alou^ the southern slopett 
of Green mountain, ruoning parallel to tbe 
band representing the Fov Hills, and crosses 
Bear creek at a liill called Mount Carbon 



440 mmjomcAL Excuitâioif to tb£ bockt mountains. 

ifaiM ■flrn taet <tt Xorràoo. Her« the coal bonks bave become thîoker 
lail fclii Iwcn Apraed in several minea. 

QuMM 111 ■ Il in irill alir&ys remain a claseic locslity for the pont 
IsaBÉB hkB bcds whirh barr l:<««n named tlie Arapahoe aiid Denvir 
fgtmttiUÊa. b % «mail mt'in« oii tb« Aootbwest slope of Oreen mouo 
M^ «hCMt enone u almost towunl the point of vi«w iu the sectioii 
g.i HM , om nar see aa almost oontiQUons expoâore of the Laramie ami 
JUapalne t>rd« ta vertical portion. It was in tbis ravine that the lîrHt 
pcfeUMof Uakutt coaglom«nit«, and other Mesoioic eandetones wpre 
4lMcteda tto conshMMrate. wbich is themostconspicnoDS feature of 
Ife» Ar>f*tee mtIh. From tbis ravine tbe Arapahoe coDglomerate 
os W liailJ MBUnrard in practical contitiuitf to a ixMut sevenil niilen 
■■■Ifc af lb« riatte oanyon, and nortbward to Golden, altliongh in the 
htMw Ainrtion it is Uns well marked, oving to tbe smaller size of the 



Tlwaain mas» of Gr«on mountain Ia madu ap of Denver beds. Oon- 
Met vtth tbe Arapafa«w beds \» most cleariy indîcati-d in the ravine 
trrt ncLtioiied and in others on tbe western slope of the mountain; 
(he loww :iOU or 300 fe«t uf tbe formation are, howevnr, uot ver; con 
tBHNUljr ex|Mwed iu any B4M!tioa. Buta characteristir coDglomerate 
iWHiwid of dark aodesitic pobblus ia ckarly showu at tbe weat«ru 
Imm of tbv more abrnpt slopea of the moantain, and tram this horizon 
toUwmMfliit thefe is an almost coutiuaoaa section iltastratîng very 
o)rt»rtr ihi* chariM'ti'riMios of tbe foniiiitinn. The ooarse eoiiplomerates 
«f tW upper part of the Denver formation are hère bo loosely consoli- 
dalvd tbat tbe moantain sommit aod npper slopes are covered witli 
kxw* boulders. vhich vere not originaUy ideutified as belongiog to a 
tkânîU' fttrmation in place, but considered drift boolders. For détails 
tWMvruiug the exposnres of the Denver and Arapahoe formatioiis in 
13n>«4i luountaîa the reader is referred to the original article * od the 
l>M)v«r Tertiary formation and the accompanylng map, in wbich the 
lw»tiou of the section ravine and the beat exposâtes are clearly indi- 
«•ted. Tbe oatcrops of the Denver formation ue shown at intervais 
wlKMg tbe bauks of Bear creek and its jnnction with PUtte river. 
M«ii>* IKnosaur bones, refeiTed by Prof. Harsh to tlie Geratopsidie, 
Ita^"» beeu found in the Denver beds on tbe western slopes of Cïreen 
nottutain aud in the plains area between tbat and the Flatte river. 
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EXCURSION TO GOLDEN. 
B; Whitmak Ckoss. 

Golden lies 10 miles (16 km.) west of Denver, 
on Clear creek, at tlie point where it isaaes 
from the monntains. The position of Goldea 
corresponds to that or MoitIsod, exeept that 
the élévations separatîng it from the plains, 
Nortb and Soatb Table moantainK, hâve an 
entirely différent character from the Dakota 
ridge of the other localify. The section of the 
sedimentary rocks exposed at Oolden is corn- 
paratively very narrow tbrougb the tbinning 
of aeveral formations between the red bedH of 
the Trias and the Laramie. Some of the for- 
mations, sach as the Dakota, entirely disappear 
fiom the section at the {loiat vbere it is crossed 
by Cleur creek." 

The first formation to préserve its normal 
thickness and position in the section at Golden 
îs the Laramie Oretaceous, which hère has a 
thickness of aboat 800 feet (244 m.), standing 
in vertical position. The coal measure» are 
'well developed, and are explored by several 
coal mines. An abundant fossil flora has been 
fonnd in the sandstones adjoiniag the coal. 

To the east of Golden, not more tlian oiic 
mile (1-61 km.) from the Archean foothills, are 
the two Table moantains, separated by a gorge 
mode by Clear creek in cutting its way to the 
plains. The Table inountains bave a basaltic 
capping of varying tbickneas, np to a maxi- 
mum of 300 feet (91 m.)- Basait proterts tbe 
soft fl-iable sandstones of tbe Denver beds, 
whicb contain a very well preservcd and abun- 
dant fbssil flora in many horizons. The Denver 
gttatain Table monntatn represent the eharae- 
teristic development of that formation in its 
lover portion. There are exposures in South 
Table nioantain iii the iieigliborhood of Castle 
Bock and at the uortheastern corner of the 
moaiitain.^ 
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THE GREAT PLAINS OP COLORADO AND KANSA8. 

By 8. F. Emmoms. 

Prom Denver to Kansas Oity the entire width of the Great Plains is 
again crossed, which présent the same, or eveu greater, monotony of 
Boeiiery than where they were crossed on the outward journey in 
Dakota. Their surface descends in a gentle but imperceptible sloi)e 
about 10 feet in the mile, or 5,000 feet (1,250 m.) in the 500 miles (800 
km.) that lie between thèse points. There is but little variety of ero- 
sional forms. The modem rivers, which m the spring and early sum- 
mer are rapid, muddy torrents, constantly changing their meandenug 
courses in their wide bottoms, gradually decrease in volume during 
the summer and autumn, and through the greater part of the year are 
shallow, inconsiderable streams. There is évidence that the larger of 
thèse streams hâve followed the same gênerai course in early Tertiary 
times that they do now, for Tertiary deposits hâve filled them up in 
some places, and later érosion has not entirely removed thèse deposits 
firom the sides of the later chanuels. There is little to be seen of the 
characteristically glacial topography shown on the more northern route, 
nor are any typical mauvaises i^rrres to be seen along the route of travel. 
The streams whose valleys are traversed during the night and succeed- 
ing day do not hâve their sources in the Kocky Mouutaius, as do the 
Flatte and Arkansas rivers, but head in springs between thèse two 
rivers and at some distance from the mountains. 

The substructure of the Plains in this latitude is formed by strata of 
Paleozoic, Mesozoic, and Tertiary âges, which lie nearly in position of 
original déposition, and show no preceptible discordance of stratifica- 
tion between the beds of successive séries. The surface is masked to 
some extent,especial]y along the more important valleys, by aloess-like 
deposit which gives great fertility wheu rainfall is sufficient for culti- 
vation, or when, as near the mountains, a sufficient supply of water may 
be obtained for irrigation. In gênerai, lower beds in the geological 
séries are disclosed in going ea-st; but as the région has not yet been 
systematically surveyed, except in limited areas, only the brader gên- 
erai features of its geology are known. The transgression which is so 
marked in the Appalachiaus between Paleozoic and Mesozic is not dis- 
t;iiiguished hère. On the contrary, there seeins to be a graduai passage, 
not only in the sédimentation but in the succession of life, ûx)m the 
Oarboniferous into the Bed Beds of the Trias. Between the latter and 
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\iiv Dftlcota Oretavfiouâ, how^ever, tlie transgression va more di8t)ut:t, 
ind thut bctweeii Laramie Cretaceous aiid Tertiary i» vcry marked. 
In the area poi^sed over during tUe niglit, àfter leaving tUe Laramie 
exirnsBres whirli form tbe t^astern boundary of th© Denver basin, Ter- 
tiary bed« extend eastvrard to Pliillipsbiirg whîcli is reatrlied in the 
early morning. From there to Clay Center, Creta«eous beds fornisli 
ttie oqIj- visible outcrops, the Ewl Bedn of tUe Trias wLicli como t*i tht? 
Burfave in southem Kansas uot appearing along the liite of travel. TLe 
coal measares of the Missouri- lowa coal basin, which alao exteoil 
iiito and are of économie iiniH)rta[ir« in Kansas, pas» npward iuto a 
séries of sbalea and liinestoues, with a few uuimiJortant sheet» of 
saiidstoiies, the wholo contaiiiiiig a faima of newer faciès than that 
of the nppermo«t mcmbers of the Carboniferou» reraainitig in the 
Appalaohians. Thette bave beeii commouly referred by local geoIogisU 
to the Permian, or Permo-Carboniferous. The Tertiary l>©ds wliieh 
once covered tlie eastern portion of the plains area bave been alinoNt 
eutirely removed by érosion. They are partly replat^^i by the drift 
deposit» of the ice sheet, wUose western margin extendod a short dis- 
tance to the west of the présent valley of tbe Missouri river, where it 
forms tbe boundary betweeu t)ie States of lowa and Missouri un tb« 
eastand Nebraska and Rausas on tlie west. 

Mr. Robert Hay contribtites the following on the snr&ee geology itf 
the Plains in Kansas and Nebraska where traversed by the varioui* 
railrnads; 

TLe geology of tbe couDtry Ih sobstaotiall; the same olong thèse vRriaiu roates. 
From tbs ioagituile of about 103'' 30' aastward there are two formations thut are 
conspicanus. Tbe highesl I call tbe Plains mari. Tbough it bas variationa it is 
lemarkable for ita lithologie aimilarity over vast areaa, and samples not to be diS' 
tinguisheil from each other coiitd bc obtained from the northera plains of Nebraska, 
tbe midplaÎDa (l'latte-Â.rkaiiita«) région and tbe Panhaudie of Texas. It is wgil- 
laceoim, arenaceons, and calcareous everf where, and ita varietiea are due simply tii 
tbe prédominance of one or the other of its principal ingrédients. Where tbe lime 
and clay hâve been neathered ont, aand dunes are laft, It bus few fossils, bat borae 
teetli bave been fourni in it. In at least a part of tbe plains it is tbe Equns beda of 
Cope. Its origin probably began in the Pliocène era and stretched ail tbrougb 
Pleiatocene time. It forma the smooth floor of the nnbroken high pT&irie of tbe 
Weat. The abort gramina and otber grasaee bave gjven its snrfitce a compact sod 
that tuins tbo water iiff it and in time of storm canaes tapid floo<ling of the sandj 
arroyos and rivt;r valteys. On the one hnndred and second meridian and from the 
thirty-fifth to tbe fortiRth parallel it U from 50 to 200 feet deep, Jncreasing in thick- 
ness nortli of tbe Republican and decTea«ittg eastward. Broken by the plow it 
makes a fertile soil, and taken from eicavations it ia of the some qnality tt> tbe 
bottom. Végétation haa not been sntBcient to more tban alightly discoior ita aar- 
faee. There in no black soit on tho prairie. Oving to eroaion immediately preoed- 
ing its déposition, it ih foiind in ninny vallcyn wbitre. végétation having sinee been 
rauker, the mari is iiiore hiimus-likit under the graaa roots. Erosion of the modem 
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âge having made more impression as we prooeed east, the narrowing area of the 
aplands has less of the Plains mari, andeast of the ninety-eighth meridian it isonly 
recognized in small isolated areas. Corning east it becomes more and more loess- 
like and in Nebraska and northern Kansas it merges into that formation, wLich is 
typically deTeloi>ed in the bluffs of the Missoari Kiver. In eastem Colorado and 
western Nebraska and Kansas the Plains mari is usnally nnderlaid by well-defined 
Tertiary formations. About tho one hundred and fonrth meridian on both sides of 
the Platte River thèse are the White River strata principally, which may be named, 
from their lithologie character, the Mortar beds. Corning east and south thèse thin 
ont and give place to the Loup Fork, into which they merge. This last formation 
has withiu it beds of conglomerate, but whether as fresh-water lime beds, mortar 
beds, or conglomérâtes, the Loup Fork is everywhere a water holder; and this is 
true also of the thicker White River beds stretching toward Wyoming and north- 
west Nebraska. The more impervious Plains mari lets the meteoric water percolate 
slowly through it, and the looser arenaceous or gravelly texture of the White River 
or the Loup Fork beds holds the water till it is reaohed by wells from above, or 
escapes in springs in ravines where érosion has eut sufficiently deep. The ever- 
present arenaceous character of thèse Tertiary beds, whether as mortar beds or con- 
glomérâtes, and their conséquent water-bearing capacity hâve suggested the term 
Tertiary grit as a désignation showiug their relation to économie geology. Thèse 
two formations, the Plains mari and Tertiary grit, make the essential features of the 
mid-plains geology. The mammalian and reptilian (turtle) fossils of the grit bave 
been described by Marsh and Co|)e. Some floral remains and fresh-water univalves 
hâve also been found. Undemeath the mari and grit in ail the mid-plain région lie 
Cretaceous formations. Thèse are ail more impervious than the Tertiary grit and 
80 help to make the water-bearing character of that formation more decided. 
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From Senver tii Limon the traiu runs on tlie tracks of the Kaosas 
Piuâfic Bailroad, first eastward, theu bending to the fioath-eontheast. 
Tbe main liiie of the Chicago and Bock Island Bailroad starta &oai 
Colorado Springa, aiid in ita course to Limon mns a little north of esst 
.ilong tlie 80Uth«rn base of tlie meaa région wbicli forma the divide 
between the waters of tlie Platte and Arkanaas rivers. Theee meeas 
bave not yet beeii systeiriatically Btudied, bnt as far as known consist 

-Frum notvH riiniisbeil by R. llAy and R, T. Hill. 
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mainly of beds of the Tertiary System aiready described as the Moniunent 
Creek séries, which may înclude several formations. 

A few miles east of Denver the Denver beds are lost to view, and 
the surface is formed by those of the Laramie Gretaceous, also occupy- 
ing a practically horizontal x>osition. The higher élévations to the 
soathward, especially as Limon is approached, are occnpiedby remnants 
of the Tertiary formations, while the broader valleys offcen contain local 
developments of more récent formations. 

From Limon, which is on the Big Sandy creek, a tributary of the 
Arkansas Eiver, the road takes an easterly course passing on to the 
head waters of the Bepablican river, oue of the important streams 
which takes its rise in springs on the plains at a considérable distance 
firom the monntains. Eighteen mile^ west of Ooodland it passes into 
the State of Kansas, and follows the northern edge of the divide 
between the drainage of the Republican and Solomon rivers nearly to 
Fhillipsbnrg, which is within the drainage System of the latter stream. 

The snrface of the country between Limon and Phillipsbnrg is, pre- 
somably, mostly covered by Tertiary formations of as yet undetermined 
âge, the earlier being a grit or séries of sands and conglomérâtes (sup- 
XK)sed to be Miocène), with a recîent mari or loess deposited on its 
eroded surface. The latter is well seen near Norton, Phillipsbnrg, and 
Smith Conter. Wherever older Mesozoic outcrops are exposèd by 
érosion of thèse overlying beds, they are found as a rule to be succes- 
sively older as one goes farther east. 

Phillipsbnrg is situated near the eastern edse of the great Tertiary 
plains. The Tertiary beds which once stretched east of it hâve been in 
great part relhoved by the drainage System of the Republican, Solomon, 
and Smoky Hill rivers. Just before reachiug it a prouiiiiefit mound, 
known as the (inverted) Bread Bowl, is formed by a protecting top of 
the hard, conglomerate grit of the Miocène. Fifteen miles to the uorth, 
at Long Island, in what are called the mortar beds of the Miocène, is 
the bonebed from which l*rof. O. C. Marsh obtained manymammalian 
remains. 

Farther east, in Smith county (Smith Conter, county seat), the beds 
of Colorado Cretaceou s are seen; fir«t, the soft magnesian Niobrara 
limestone, then occasionally a blue shale. At the crossing of the 
"Republican River, near Soandia, the bluffs are of Fort Benton âge. 

Near Belleville, and south from there^ the sandstones and colored 
sliales of the Dakota are i)assed over, but the outcrops are few and 
inconspicuous. 

Although no outcrops of Mesozoic beds lower than the Dakota hâve 
been recognized, red sandstones, which are presumably Triassic, hâve 
been pierced in boriug for sait along the Hue of the Kansas Pacific 
Bailway in Ellsworth County, still forther south ward, in about the mid- 
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die of tbe State. The sait ineasures are barren gray beds above the 
highest lightcolored Permian, and contain beds of rock sait from 100 
to 200 feet in thickness. 

The route froin Clay Center to Kansas City, and also tbat running 
northeastwaitl across Nebraska to Omaha, lies mainly upou limestoues 
and shales of Permiau and Carb<;niferous âge. 

Between Clyde and Clay Center the road follows a valley which had 
been enormously widened in Quaternary times and eut below the level 
of the plains, as preserved in the dividing ridges between the streams. 
Leaving this valley at Clay Center the road ascends the divide between 
the Eepablican and Elue rivers, and enters upon the Paleozoic area. 
The underlying rock is now the horizontal yellow limestone of the Per- 
mian, to whose existence the persistence of the divide is due. 

The road enters the valley of the Kansas or Kaw River at ICanhattan. 
Twenty miles up this river, in a southwesterly direction, on a x>oint 
overlooking the junction of the Republican and Smoky Hill rivers and 
within the Fort Riley military réservation, there is a stone monument 
markiug the géographie center of the United States as determined in 
1880. 

At Manhattan a good cross section of the Kansas Valley is obtained. 
On the opi)osite side of the river are heavy beds of orange-colored 
loess. Near this station, and again near McFarland, are outcrops of 
the âint beds, which are a conspicuous feature of the Permian thrqugh- 
ont several counties. The road now passes into the Goal Measores, 
which constitute the prevailing formation of the uplands avS far as 
Kansas City. J)rift boulders of red jt^uartzite from Minnesota, sup- 
posed to corne from the drift in northern Kansas, are seen close to the 
road before enteriug McFarland. 

Between Topeka and Kansas City drii't is abundant, and its présence 
is sliown by the form of the low hills to the north of the road. 

At Lawrence a considérable morainal deposit is seen on both sides 
of the river, across which itonce probably formed a dam. 



THE PRAIRIES. 
By W J McGre. 

When first explored by white men the eastem United States was 
wooded ; much of the interior was woodless — ^the *' prairie" of the French 
explorers, whose désignation promises to outlive the condition described 
by thetenn; still farther westward lay the Great Plains, with which 
the prairies merged, and beyond lay the mountains. Dnring this day's 
joumey the route traverses a représentative prairie land — the iden- 
tical tract to which the name was originally applied. Now it is diver- 
sified, sometimes by natural groves or belts of woodland aloug the 
rivera, spraiig up since the day of aboriginal prairie fires ended; else- 
where by artificial groves, hedges, and wind-breaks, snch as abouud 
over most of the interior région. 

The prairie soil is commonly the long-weathered surface of one of 
the two great glacial drift sheets, autedating the terminal moraine. 
Generally the drifb grades upward into a loam, sometimes loess-like, 
but more commonly displaying the characters of clay. Near the Mis- 
sissippi, however, this loam deposit has developed into a fairly well- 
defiued loess, which is not, however, so distinctive or so abundantly 
developed as on the Missouri. In the interior the loam is commonly 
so thin that drifb boulders may be seen approachiug the soil in the 
railway cuts, and not infrequently they lie scattered over the surface 
iu considérable numbers. Ail, or ne^rly ail, of thèse boulders are far- 
traveled erratics, carried down from near or beyond the northem bound- 
ary of the United States. 

The relief is low, the surface undulating gently; the configuration is 
the product of faint hydrodynamic sculpture, for the most part directed 
bythe antécédent glacial configuration and by the temporary water- 
ways born of the melting ice. It is noteworthy that this surface, 
primarily ice fashioned, is now so far modified by waterwork that 
practicaUy the entire surface is well drained. Marshes occur only 
rarely and lakes never. In tbis respect the extra-morainal surface is 
strongly distinguished from the intra-morainal area, in which lakes 
abound and marshes are innumerable. 
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FROM KANSAS CITY, MISSOURI, TO CHICAGO, ILI^INOIS. 
ITINEItABY. 
By W J McGbb. 
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At Kanau City are drifb and loens, both reating on Carbontferons 
bi'ils. Tlic loess is licro, iis ..■lso\vliert>. a cLtyt^.v loiuii. tlistin^iiisliwi by 
ita tendeniîy to cleave vertically aiid to stand in perpendicalar walls as 
a resuit of érosion, tlius produciiig cliaracteristic topographical forms. 

Tlte road now takes a northwesterly direction throngh the State of 
. MisBouri. After leavîng Xuuaa City tbe loess contiones as a conspic- 
oiis feature for miles, gradiiig into loam and then into drift. Tfae 
Bubstructure is formed by upper Carbonlferons beds, which contoin 
cpal seams of variable thickness and considérable extent, bnt whicb 
Lave not beea explotted on acconnt of the proximity of the lowa- 
Misaouri coal basin, in wliich the seams of the middle Coal Measores 
are found at less depth. Midway between the Miasonri and the Missis- 
sippi tbe ronte crosses thia basin, and gradnally descends geologicailf 
over the lowor Coal Measures and the sub-Carboniferoas formatioiu, 
the latter being well developed abont the Des Moinea river. 

At KnMfttiiie the road reaches Misaiaaippi^river, whose valIey it 
follows to the croasing at Davenport. 

The subt«rrane fi-oin tlie Misaissippi to Labe Michigao is PaIeoKiiG,iii- 
cladiiig Carbon iferoua, Devonian, and Siluriau rocks. Abont DaTmpwt 
and Bock Island the Carboniferoua rockware brown sandatones, oommonly 
considered to hâve beeu depositedin outlyiiig baaiusneartlieshoreliiie 



ir«B.l KANSAS CITY TO CHICAGO. 451 

of the middle Garboniferous sea; but within 25 miles east of Mississippi 
river the rocks corne to resemble more dosely those characteristic of 
the Goal Measares of the Illinois-Indiana basin. The sandstones near 
the river, and the shales and limestones (with a few coal seams) of the 
interior, rest uuconformably on the older strata; for the calcareoos séries 
of deposits, commonly referred to the sub-Garboniferous, is absent, 
and the Devouian, broadly developed in lowa, soon fails, leaving the 
Garboniferous and Silurian strata nearly or quite contignous. 

On approaching Bavenport the railroad passes through deep cuts 
in Pleistocene deposits, which afford interesting sections. The upper- 
most deposit is loess, somewhat more clayey than that of Missouri 
river, yet abounding in similar fossils; its thickness ranging from 10 
to 30 feet. At its base it commonly becomes gravelly or grades into an 
attenuated drift sheet; and loess and drift alike rest on an ancient 
soil, or ^^forest bed," which has yielded not only abundant remains 
of coniferous woods, but also bones and tusks of the éléphant. Below 
lies a dense, tenacious drift sheet, represeutingtheearliest well-defined 
ice invasion of the Pleistocene. 

Betweeu Bavenport and Rock Island the Mississippi Hows in what 
may be styled, for that stream, a contracted gorge, half a mile to a mile 
iu width. This gorge opens immediately below tlie cîties; upstream 
it extends for some 25 miles to the town of Le Glaire. Throughout 
this stretch of relatively narrow channel the current is exception- 
ally strong, particularly at the upper and lower extremities. Thus 
the terms ^^ Bock Islands Bapids" and ^^Le Glaire Bapids " hâve long 
been familiar to the pilots and captaius of the packets plying between 
St. Louis and St. Paul, and, indeed, to other rivermen. Formerly 
the rocky islet, from which the Illinois city takes its uame, was sepa- 
rated from the mainlaud of Illinois by a navigable channel, and indeed 
represented nothing more than the largest of a séries of " reefs" rising 
firom the river bottom. Subsequently the lowa channel was deepened 
and the Illinois channel was finally dammed to afford waterpower for 
the United States Arsenal located upoi the islaud. 

The only rocks exposcd iu the immédiate vicinity of Bavenport and 
Bocsk Island are Devonian; they are fossiliferous, and, for the most 
part, hâve been correlated with the Hamilton of New York ; but their 
exact position in the geological scalc can not be said to be finally deter- 
mined. Exposures of brown Garboniferous sandstone occur within a 
few miles of both cities. 

A few miles east of Eock Island the railroad approaches and finally 
crosses Bock Biver, which, it may be observed, flows in a dispropor- 
tionately broad gorge. Moreover, it may be noted that this valley 
biforcates, sending its principal arm northward to be occupied only by a 
trifling stream, while the narrower is marked by the course of Bock river. 
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Thisbroatl valli-y represents one of « plexus of cUaimelsforined by the 
âoods dt'rived froin the Dieltiiig ice about tlie close of tUc Plio<-«iie; it 
i& the MaraiH d'Ogee of tlie Freuch niissioiiaries, wliicli, traced against 
tbe geueral diret^ttion of river dow, ext«ndH Dortheastward aad then 
uortliward for 40 miles, wbere it divides ouce more,tbiâ time iuto tliree 
branches. The smiUlest of the, brnnchea coiucides witli the présent 
course of the Mississippi about Clinton; the uext iu size coïncides 
vith the WapsipiniiiivD River for 50 mile» ; and the principal braucli 
diverges from the WapsipiimicoD a few miles Above its mouth and thea 
cutH <lirectly across the interior of eastern lowa to reunite with the 
Mississippi at the mouth of the Maquoketa, 100 miles (by river) above 
Bock lal&nd. 

East of the plexus of ancient chauuela the road traverses one of the 
low divides characteristic of uorthern-central Illinois — a typical prairie 
liind. Ou approactiiug Illiuoîs river the surface becomes more rugose. 
and rock outcrope appear. Aboat La Salle aud Ottawa tbe river blu^ 
are 100 to 200 feet high, and exiMise a variety of formations witliin a 
limited area, ranging tïom the coalbcariog Carboniferoug tbitiugh tiii' 
Niagara (tbe oharacteriRtic Upi>er Silurian formation of the interior) 
aud down to the Oucota (or "Lower Magnesiau),"orthe8t. Peter. In 
tbis vicinity the structure is more eomplex thau elsewbere iu Illinois 
gave in two localities, î, e., at the month of Illinois river, and near tb« 
coiiflneDce of the Uhio; it is a région of decided déformation of nncon 
forniable struta, afterward phiued down to ba.se level. Notewortliy 
fossil loualities occur iu the vicinity. Tiie rocks are inautled nith 
glacial dritt so dceply that expostires are rare, exeept in the river bluffa 

Nearly ail the way ihim Ottawa to Chicago the route ti-averses nionot 
onous prairie land, faintly relieved hère and there by moraines, incon 
spicnous in comparisoii wîth tliose of the uorthcru route, There an 
few rock exposurcs, the most notable beiug at Joliel;, where there are 
exteusive quarries. The subterrane from Ottawa to Chicago ia (leeply 
buried beueath the drifl, but is probably almost wholly Upper Silurian. 
and cbieHy the interior represeusative of the Kew York Niagara. 



CHICAGO TO NIAGARA FALLS. 

ITINERARY. 

Uy Q. K. Gilbert. 
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LeaTÎDg Chicago at 3 o'clock p. m., we cross before night tlie ooroers 
of niiDois aiid Iiidiana juid a part of Michigaii. In passing aboat tlie 
hefMl of Lake Michigan the underlying 3ilariaii and Devonian rocks 
are not seen, but ooly the Champlain sands accamtUated by winds and 
wavea at tbe end of the lake when ita water stood at highcr levels. 
The winds are still bnsy with them, piliog tbem iu traveling danes 
which blocb the drainage, converting mncb of tbe laud into marsh. 

Soon after entering the State of Micbigan we pass from Deronian to 
GarbouiferonB terraneâ, entering the Micbigan coal basin. That por- 
tion of the State lying between Iakes Micbigan aud Haron, callecl the 
Lower Peuinsala, is cliaracterized by a synclinal basin of gentle dips, 
carrying the Silnrian rocks below tbe level of tbe sea and bringing tbe 
Carboniferoas belov the plane of denndntion. In tbis stractiiml basiu 
brines are preserved, on which an important sait iudustry is ba^ed. 

It is of iuterest to note the relation of tbe Micbigan syncline to tbe 
gênerai atmcture and to tbe basins of tbe Laarentian Iakes. Througb- 
oDt a large région, including tbe lake district, tbe gênerai strike of out- 
crops Is east and west, the older rocks lying at tbe north and tbe 
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UBwer at the »outti. In latitudes 83° to 87° a double intemiiïtioii to 
tiiia Arrangement occurs. Tlie liue of Deronian outerop swings 250 
miles {400 km.) soathward in agréât loopabuut tlieCiDoiiiiinti u]>n-ard 
arcli; tbe Silurian oiitcrop swingn an equal distance nortliward iibont 
tlie Mii'Uigan dowuward iirch; atid betwe«n tlie two arcLes tbereisa 
belt in wliich llio dips are uortliward. The moat résistant inenibi-rs of 
tbe Valeozoic nre the Trenton limestone. at tbe base of tlie Siliiriati, iuid 
tho Niagara liinestone, near tbe top of tbe eame syst«ni. BetwwD 
tlieso are sbale» and soft «and» of the Utica, Hudsou River, and Meiliiia 
aerieH, and above tbe Niagara are equally soft 8bales of tbe Salîua. 
nuiailtou, and Gliemuiig séries. Tbe basins of lakes Micbîgan and 
Qarou are i«ryed fl'om tbe moiiocliiie of soft rocks above tbe Niagani, 
wbere it aweeps around tbe Micbigan synclinc, aiid are tlins inade to 
euibnw^e tbe cool basin. Lake Erie lie» in a trongb carved from tbe 
Mune mouocline where itâ trend is nearly normal. Lake Ontario lies 
lu tbe nlono<^Iine below tlie Niagara limestone, where its course is nor- 
mal, niid tbe saine monocline, where it carres about tbe JSticbignn coal 
btutiu, liolds Ueorgiau and Manitoalin bays, dependencieR of Lake 
Ilurou, and Orcen bay, adepcndencyof LakeMichigan. Itis believed 
that tbe excavation of the basins was accomplisUed partly by rains 
ftud rivers doring pre-Pleistocoue aud interglacial times wben the 
dUcrict Ktuo<l at a bigber level tbau now, and partly by Pleistocoiie ice 
i«ttrrenta. A» to tbe relative importauce of tbe two agenciez geologists 
are lot Hfrn-cil, :niii ir iiiity safcly be sairt tbat tlie iK'teniiinati.m -if tlie 
question l»elongs to tbe future." " 

Tbe surface features in Micbigan dépend larg^ly on tbe drift, con- 
aistitig of gronnd moraine traversed by numerous marginal moraines. 
Lakelets, iK)nda, and awampa are numerous. On botb sidea of tbe St. 
Clair river, comiectiug Lake Huron witb Lake St. Clair, tbe till is over- 
ImIu by lauiinateil Cbamplain claya, hère called Erie clay, and tbe 
»urt^< of the couutry is smooth. 

t>V>ui Sanûa to Hamilton, in tbe Province of Ontario, Dominion of 
l^tMl*!** tbe Tonte continues ou tbe eastern limb of the Micbigan syn- 
oltu^ jfnidually ilesceudiugin the géologie scalethrough tbe Oevonian 
•Md rp|ter Silurian. Tbe Hamilton shales are succeeded by the Corn- 
iUctiBii tlDw«t(>Me uear London; tbe Onondaga follows, and at St Oeorge 
A» iliM^ph, an iipper membcr of tbe Niagara limestone. The main 
t «f tbe Niagara is met at Capetoini, tbe aaâerlyiiig Clinton at 
, »ud tbe Uediua at Hamilton. Nearly the whole conntry is 
f aih»»tiMl by drift deposits. The Erie clay, which occupies tbe 
» MWflMw for the first bundred miles and appears at intervais 
^ iw » lauiiiiated calcareous clay, with erratic pebbles and bonl- 
hM MM ros.-iils, apparoTitly the deposit of a great lake at tbe 
kvf th» ii-e. Smaller bodies are traversed of the Algoma saud 
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and the Artemisia gravel, deposits likewise of great extent and con- 
taining material of distant origin, but not yet satisfactorily interpreted. 

From Hamilton, at the head of Lake Ontario, tbe train rans eastward 
over a broad escarpment of red Médina shales (Upper Silurian) super- 
ficially sheeted with till and clay similar to the Champlain. At the 
left hes Lake Ontario; at the right the plain rises to the footof an 
escarpment several hundred feet in height, which is capped by Niagara 
limestone. The plain is contoured by an old shore-liue of Lake Ontario, 
known as the Iroquois beach. In the city of Hamilton at the head 
of the lake this beach takes the form of an immense free spit or 
embankment more than 100 feet in height. At other points it appears 
as a low barrler of sand and shingle, and yet at other points as a low 
bluff undermined by the waves. Siuce the date of the Troquois beach 
the lake water has àlso stood at a level lower than the présent, and 
during the x)eriod of low water the small streams which traverse the 
plain opened valleys in the lacustrine clay. Thèse valleys are now 
partly occupied by lake water, being marked by small bays, to each of 
which a small stream is tributary. 

Leaving the littoral plain, the train climbs the escarpment, so as to 
approach Niagara M\b on the plain constituted by the upper surface 
of Niagara limestone. 



NIAGARA FALLS. «^» 
By G. K. Gilbert. 

The Niagara river flows northward from Lake Erie to Lake Ontario. 
The région is floored by Paleozoic strata, which dip at a low angle 
toward the south or upstream. Two limestones are of physiographic 
importance, the Corniferous and the Niagara. Beneath the Corniferous 
and above the Niagara are several hundred feet of shaly beds (Onondaga 
sait group), yielding readily to erosive agencies. Beneath the Niagara 
limestone are feebly résistant beds, known as the Niagara shale, the 
Clinton beds, and the Médina shale. As a resuit of this alternation of 
hard and soft strata the district consists topographically of two sloping 
plateaus, each limited toward the north (downstream) by an escarp- 
ment. The Corniferous escarpment, lying near Lake Erie, is relatively 
low; the Niagara escarpment is about 200 feet high and faces toward 
Lake Ontario. Lake Erie rests on the Corniferous plateau, and the 
Corniferous limestone détermines the height of its water surface. 
Across this limestone the river flows with a rapid current. In the 
région of shales beyond it travels more slowly and spreads ont broadly. 
It traverses the plateau of Niagara limestone in a narrow canyon, at 
the head of which is a cataract. The passage through the canyon is 
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by a séries of violfïiit rapiils, tlie watur tumbliiig over a rongli buttom 
corapoBed of limestoue blocks falleii from the w&ïln. Beyond tUe 
Niagura escarpment tlie river traversetu ii low plain witli deep and quiet 
cnrrent. 

In the walluof the canyon thestrataai-efinelydisplayed. At the top 
the Niagara lîmest^^ue ha» a thickneas of abont âO feet (2i m.) ne^ir the 
cataraet, and this gradiially diinlnishes to the edge of tlie plateau, the 
différence lieing dne to the gênerai dégradation of the surface. The 
IVill tUiokuess of the liinestone previous to eroaion was about 140 feet 
(42 m.). Beneath the limestone is the gray Niagara sbale, about 80 
feet (24 m.) in thickneas; then corne the Clinton beds, gray limestoues 
und shale», with a aandstone at base, and a total thickneas of 35 fe«t 
(10 m.)i and flnally the Médina inhales and sandstones, hère cunsJHting 
chiefly of rwl arenaeeous Bhale rarely iuterrnpted by ledges of saud 
stone. At thefoot of the eataract, the Clinton isoear tbe water'sedge; 
Qortbwanl it riites at the rate of 2^ feet ( 7 m.) to the mile, and the 
river falls at a mucb more rupid rate, ao that a basai expoBure of the 
red Medtnii ÎDcreasesrapidly from thecataract to the esearp ment. Ail 
thèse beds, except the Niagara limestone, are iii places more or less 
obBcnied by talus, but the complète nection eau be seen on the Ameri- 
can side, juat below the lower suspension bridge. 

The basius occnpied by Lake Erie and Lakc Ontario had a différent 
System of drainage previous to Pleistoceiie tinie, and were remudeled by 
Ihe work of tlie ire shcet, whieh nioditicd the fjenyrapby of ihv firent. 
Lake région lu important ways. Sonie régions of soft strata Kuffered 
notable érosion, and the old drainage lines were in niany cases com- 
pletely obliterated by deposits of the glacial drift. Wheu tbe ioe 
inelted the watera were compelled to find new ways, and the drainage 
of the glaciated région was imperfect or immature, in that it included 
au immense number of lakes, large and small. Lake Erie and Lake 
Ontario came ioto existence at that time, and so did tbe Niagara river. 

The érosion of tbe Niagara gorge from the escarpment back to tbe 
cataraet is therefore a po.st-glaciaI work, and as a measore ot post- 
glacial time it bas attracted great attention. Tbe length of tbe gorge 
eioded, about six miles, ia readily measored. Tbe présent rate of éro- 
sion by the cataraet is auaceptible of measnremeut, and observation 
haa alrendy given it a value with valid daims for considération. From 
a survey made in l<'il2, aud subséquent surveys made in 1875, 1886, 
and 1890, it api>ears that tbe central portion of the main cataraet, the 
Uorseahoe fidl, is receding 4 or 5 feet per annum, and that the Ameri- 
can fall, whieh carries inuch less water, is receding much lésa rapidly. 
For those 'wbo are wilUng to {tostulate a uniform rate of recession 
throngh the wbole exteut of the gorge, it ia easy to estimate the âge of 
the nver fi-om theae data. bat therc are nnportant reasons forquestion- 
iug the vtUidity of the pos^tulate. 
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The continuity of the géologie section in tbe walls of tbe canyon is 
inteimpted at one point on the Canadian side. At the locality known 
as tlie Wliirlpool tliere is an embayment of the wall, and at the bead 
of tbat embayment a body of dritt is exposed from top to bottom of 
tbe bluft, replacing tbe Paleozoic strata. How mu(*.h deeper it extends 
is not known, but tbe river bas bere gouged ont a deep pool, in wbich 
tbe carrent is temporarily slackened, and it appears probable tbat tbis 
excavation was in tbe soft drifb. Associated witb tbis feature is an 
embayment of tbe Niagara escarpmeut, near tbe town of St. Davids, 
not far away. For tbe space of a mile the limestone cliff disappears, 
and is partially replaced by glaciiil drifb. It is believed tbat tbis 
embayment and tbe preglacial cavity at the Whirlpool constitute parts 
of tbe same preglacial valley, a valley opening to tbe northward and 
terminating soutbward witbin tbe présent river canyon, between the 
Whirlpool and tbe cata^act. So far as tbis valley extended tbe river 
had an easy task, for its canyon was already dug. 

On the other band, it is doubted tbat tbe river ha« at ail points been 
able to work as rapidly as now. Tbe beight of tbe Falls is abont 160 
feet (48 m.); tbe pool below tbe cataract bas a deptb, at tbe nearest 
point wbere sounding bas been snccessfnl, of 185 feet (ïy(S m.). Tbis 
great deptb of pool appears to be essential to rapidity of recession, for 
under tbe American fall there is no pool and there the recession is 
slow. But tbe river bas a deptb comparable witb tbat of tbe pool for 
only a mile or two below tbe cataract, and at most other points the 
présent cross section renders it improbable tbat a deep pool was ever 
formed. It is surmised tbat at sncb points tbe rate of recession may 
bave been slow. 

Accordant witb tbis view is the hypotbesis, not yet ftdly tested, tbat 
ail of tbe upper lakes, except Lake Ërie, once found discharge to tbe 
St. Lawrence river by other routes, so tbat for an nnknown fraction of 
X>ostglacial time tbe Niagara river drained a district only one-eightb as 
large as tbat whicb it now drains. 

Tbe train approacbes tbe Niagara falls from the Canadian side across 
tbe suspension bridge, and follows tbe American bank to tbe village 
of Niagara Falls, wbere it balts for the day. One can convenieutly 
cross again to tbe Canadian side by the steamer Maid of the Misty or 
by tbe upper suspension bridge, and the geologist will wish to see the 
cataract from both sides and from tbe river brink below. Goat island, 
whicb divides the American fall from Horseshoe fall is reacbed by a 
bridge from tbe American sbore, and a spiral stairway leads one thence 
to tbe water's edge between tbe two falls. At the bead of tbis stair- 
way guides and waterproof suits can be secured for a visit to tbe Cave 
of tbe Winds, in whicb one passes beneatb a sheet of falling water con- 
stituting a portion of the American fall. The path lies partly on talus, 
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partlj- on liinestonp Iedg«8 of tlie Clinton, and partly ou falleu blocka 
of Niagiira linieatone. From tlie Caiiadûin aide one can enter a tunnel 
dug in tlie Niagara shale, and follnw it to a point beneatb the Horse- 
ahoe fjiU, wbence he can look ont at tbe de^^iending water. At nnmer- 
ons points fartbor down Ktream stairways, elevators, and înclined rail- 
ways are coustracted to enable tbe visitor t« reavti the water's ©dge. 
Tbose of most value to tlie geologist are on tbe Ameiican side at the 
Whirlpool llapids, and on the Uaiitidian side at the Wbiripool. From 
the latter a few minutes' walk take3 onc t« tbe niaas of drift filling the 
preglacial channel, and it8 contact witb tbe older rocka eau be seen. 
The accompaiiying sketch (Fig. 2S) was made by M. QoUiez, of the 
visitiag geologiets. 




Fia. 28.— The WUripool oT ths Hiajpu* Klrcr. 
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Tbis day's jonmey is over a regrion classicivl in the annals of tlie 
deydopmeat of North Americfto geology. It was aloiig thia Une tliat 
Hall, Emmons, Yaouxeii, Mather, aiid Ooni'ad coudncted tUeir investi- 
gations, the résulta of wliich are published iii the Ërst four Tohime» of 
the geoiogy of New York and in the anunal reports wliich precedod 
them. The nomenclature establlnhed by them, on the basis of stratig- 
rapfay and paleontology, beeame a part of American géologie seîenco 
that was estended fi-om Stato to State by subséquent surveys. 

From Hiagara Falla to tlie valley of the Uudsou at Soheneotady 
there are no marked topographie features; the country is nndulattng, 
and the rente crosses the slightly sonthward dippiug rocks of Lower 
Devonian, Silurian, and Lower Silurian (Ordovician) âge. They are 
for the moat part subjacent to heavy deposits of drift, although uumer- 
OI18 âne sections are sbowii in the varions streams tbat flow In tbe uorth 
and south drainage Unes across wbich tbe traiu passes. 
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Froni Sohencctady t« Kewbttrg tliu valloy of the Hudsoii River is 
opeo !tDd broa<l, aiid ils atidulatiDg surfar« constihites part of an aiicient 
base-levcl, origiiiating in Tmtiary time. Afterward contiueutal eleva^ 
tion led th© river to coirade itH clianoel di>eply, so tliat tlie immédiate 
Valley of tbe river lies several handred fect below tliH iilaio of tlip Ren- 
eral valloy. The rocks in whivli tbis plaîu iacarvedaieLowcrSilnriaD 
in âge, iuchiding the Uiideon River, Utica, and Trenton série». Tliey 
are greatly dtstnrbe<l, and beantifal sections are shown on Clie i-ltffA 
and in tlie raiiroad cats. Shaly portions liave receiveil a cleavi^:e 
structure, and metamorphisin liaa esteuded so far that tbrongh «on- 
gider^ble areas the several acries hâve tint yet beeu diBcriiiiiDal«d. 
Uplnnds vidble at tbe rigbt are due to the sapcrior résistance of the 
horizontal Lower llehlerberg limoi^tonc, and loflier uplaiids seeu beyond 
tlieni are due to the endurance of the Gatskill saiidstones. Tbe luoan- 
tain froni whieh the name OaI«kitl (Kaaterskill) is derived is a oon- 
spicHous featiire at tbe right (west). At Newharg the Trenton liine- 
stiine occDTB with but little altération, and juat beyond it the train 
entors tbe area of cryHtalline scUintH, to which tbe mounljun range 
known as the Highiands belongs. 

Tbe train tlien passes tbroagh tbe gorge of tlie Higbiands, keepîng 
close to the watei's odge. Above it tbe old base level plain holds place 
OR a terrace witliin the gorge. 

Beyond tbe gorge glimpsea are obtained of distnrbed and nltered 
Paleoznii' rocks, and then the train npproaches tbe Palisa4ies, a ridge 
of trap, origiually a sheet or dike înjected in tbe great Kew Jersey 
séries of red sbales and sandstones commouly referred to the Trias. 
This ridge bordera the lower portion of th© Hudson on the weet for 
many miles, and at its uorthern end swings westward. Tbe raiiroad, 
passing through the curved northeru cxtremity by a tunnel, fotlows 
the western bas© of the ridg© for mor© than b^f its lengtli, aud then 
by another tunnel reoches its ©asteru bas© and tbe bank of the river 
opposite New York. 

In passing from Hiagara Falla to BuffiUo the train crosses the soath- 
ern ontcrop of tbe Niagara lim&stone, the eutire width of the Ouoodaga 
Sait group, and entera upon tbe Comiferons limestone of the Lower 
Devonian. Tnruiug eastward it passes over tbe latter formation for 
about 50 miles, when it recrosses the Onondaga Sait groap aud con- 
tinues on the Niagara limestone to Boebeater. From a little distance 
east of Boobester it follows th© Onondaga Sait group for over 100 
miles, when it crosses the tbin eastern extension of tbe Niagara lime- 
stone and tbe broad developmeat of tbe CUnton formation before 
entering upon tbe Utica and Lorraine sbales, upon which it follows for 
105 miles cxcept at Little Falls, betwcen Utica and Sohsnectady, where 
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a spur of bedded Algoiikian gneiss crosses the liue of the railroad; a 
fine géologie section is exposed along the cuts and the Mohawk 
River. 

The Onondaga, Niagara, and Clinton terranes hâve been fiilly 
described by the vétéran geologist and paleontologist, James Hall, 
and the two latter terranes are mentioned in this Ouide as they are 
seen in the canyon of the Niagara. The immédiate subjacent forma- 
tion^ as it occurs in the vicinity of Utioa, inclndes 800 feet of argilla- 
ceous shales in which numerous sandy layers occnr near the sunimit. 
The lower 710 feet is the Utica formation, and the npper 90 feet the 
équivalent of the Lorraine shales and sandstones. The Trenton lime- 
stone has a thickness of about 150 feet at Little Falls, and the imme- 
diately subjacent Calciferous sandrock, 190 feet. A thin bed of sand- 
stone and shale just above the Algonkian gneiss has been referred to 
the Upper Gambrian (Potsdam sandstone) zone, but on évidence that 
is not conclusive. A fine section of the bedded Algonkian gneisses is 
shown in the cliffs below the sandstones, and in the river, at thè upper 
end of the narrows, a massive gneiss or granité is to be seen. The 
almost horizontally bedded Algonkian strata, althongh crystalline, 
hâve frequently been taken to be the downward extension of the super- 
jacent Calciferous formation. Other exposures of the Algonkian, 
Calciferous, and Trenton terranes oc(îur in the cliffs of the noithem 
side of the valley, between Little Falls and South Schenectady, while 
with slight exception the hills on the south side are forraed of the 
Utica shale, with the Trenton limestones at the base. 

Turning southeast from South Schenectady the road enters the 
valley of the Hudson and an area where the géologie structure is 
entirely unlike that passed over from Niagara Falls to South Schenectady. 
The Silurian (Ordovician) rocks are upturned, compressed, and more 
or less broken by the westward thrust of the masses of rock dis- 
turbed by the crumi)ling and folding of the strata of New England. 
Within the valley there remains to be solved one of the most compli- 
cated local géologie problems in North America geology. The higher, 
enter western sides of the vaUey are formed of the horizontal Lower 
Helderberg limestones, with a thin band of the Niagara corralline 
limestone, beneath which a great thickness of altemating sandstones 
and shales extend down to a limestone, found in deep wells at 3,475 
feet beneath the upper limestone. It is this séries of shales and sand- 
stones that are so plicated and altered in the valley to the eastward. 
As far as known there are no exposures of the undisturbed strata below 
a point 600 feet beneath the Helderberg limestone. The upper 600 feet 
exposed has been correlated with the Lorraine, the limestones at the 
bottom of the deep wells with the Trenton, and the strata between with 
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tUe Ptica and Lorraiue, or ail above the suiiposeil Utii^a, Juat above the 
]ime8tone,with the" iïnd»onEivergroap,"'of tbe New York Survey. As 
the latter ocuura ont iii the valley it contaiiis a Btrongly marked grap- 
toliti» fauna, usually cullcd NormaDsi Kill fanna. This faiina ts con- 
aidered by Prof, Lapworth to be of aboiit Trenton âge aud pro-Uticaii — 
a viow sQBtained by Mr. Ami in his stiidies at Québec and by Dr. 
Gurley in his review of tbe gmptolitiu faunas. Certain it is tliat tbe 
graptolitîo fauiia in not the sume aa tbat of the Utîca shale of tlw 
Mohawk Valley, as haa been advanced by Hall, Whitfield, aud Walcott. 
The ti'rm Hu<Uon bas been applied to thèse beds between the Lower 
Uelderbergliiueatoue and tbe supposed Trenton limestone beneath, 
nod the Lorraine and Cincinnati funiiatious corrolateil as équivalent. 
Thi» can not be doue logîeally to-day, for the séries of shales aud saiid- 
Btone.s, with occasional iuterbodded leutiles of liniestonea, includes ail 
the formations from the Calciferous to Lorraiue inclusive. It is, a.s 
nt-atetl by Sir William Logau, practically the équivalent of tlie Quebe^i 
gronp, although it includes more at its upper liuût in taking iu the 
liorraine atrata beneatb the Lower Ilelderberg linicstone. 

The sédimentation ou tbe outer limits of tbe eastern side of the valley 
incUidos the Berlin grits aud great tbickuessGs of int«rbedded purple 
sliulcs, aud again red and greeu slates v>-itb (tark argillaceous shale^, 
rarrying the KunuauirKill graptolitic fanna. Lentiles of limestoue 
occiir bedded in tbe sbales, in wbich the Galciferoos, Chazy, and Treii- 
t*ni fiiuiins are fonnd — sonintînies oiie or two iu the same leutile, as iu 
Washington Couuty, New York. On the east aide of the Hodson 
Valley n,000 feet of shalcs, slates, sandstonea and limeatones, of very 
irreguliir succession, may be referred to the Hudaon terrane. 

Tlie évidence now at haud leads to tbe couclasion tbat in the valley 
of tbe iludson, or the uortberu portion of the Appalachiau trough, the 
sédimentation, fix>m the Upper Gambrian to Lower Helderberg time, 
wna uulike tbat of the région to the westward. It was greater in 
quantity and variety, aud duriug Trenton time a graptolitic fanna was 
buried in it, such as is unknowu elsewhere in New York and the south- 
eru Appalachians, although présent iu Arkansas and Nevada. AH 
attenipts to correlate tbe Hudson séries witU sections elsewhere must 
be more or le.ss defective, except that tbe great mass is of Lower Silu- 
riau (Ordovician) âge. The beat région t» study the Hudson séries is 
from Fort Edward, above Albany, to the vicinity of CattldlL 

In Dutchess Couuty, opposite Kingston, the Lower Cambrian qoartz- 
ite resta on the Algonkian gueisses, and tbe stratigraphie section is 
represented from this horizon to the Trenton and Lorraine. Sonth of 
Pongbkeepaie, on the east side of the river, the sedimentary beds are 
crowded ont to the river by tbe preCambrian rocks, aud below Newbnis 
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the crystalline scliists of the nighlands occupy the western shore uutil 
the trap ridge of tbe Palisades is eucoimtered. At Weehawken the 
characters of tbe trap are ûnely sliowii in the qnarries. 

The drift features, from Niagara Falls to Scheneotady, inclnde at first 
ground moraine with uudulatiug sarface^aiid afterward, between Eoch- 
ester and Syracuse, a tract of drumlins of tbe more elongated type. 
At Little Falls tbe Mohawk Hiver appears to bave eut a postglacial 
channel, and fine river terraces occur above tbe gorge througb wbich 
the river passes. Below the falls tbe river silt and gravels nearly fill 
the Valley from side to side. 

The most important Pleistocene deposit of tbe Hndson Valley is a 
great bed of laminated clay referred to the Cbamplain epoch and 
known locally as tbe Albany clay. It is tbe sedimentary record of a large 
estnary occupying the Iludson Valley after its abandonment by tbe 
ice, and it appears originally to bave stretched from side to side of the 
valley, ûlling the river cbannel and masking the rugosity of the base- 
level plain. îfear Schenectady its npper surface bears a beavy layer 
of sand. After its déposition tbe land rose temporarily to a beight 
greater than the présent, permitting tbe river to carve its cbannel to 
such depth that it bas not since been reûUed with alluvium. Tbe 
so-called river is still an estuary for 150 miles (240 km.) from it^ mouth, 
transmitting océan tides as far as Albany. 

From tbe terminus of the West Shore Railway at Weehawken trav- 
elers are transferred to Hew York City by ferry. 
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^H EXCURSION TO THK CANYON OF THE COLORADO. 
^H DENVEK, COLOKAIlO, TO FLAGSTAFF, AKIZONA. 
^H ITnfERAHY. 
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[By S. F. Emmons.] 

The ronte between Denver and Colorado Springs bas already been de- 
scribed (p. 434). 

From Colorado Springs nearly to Trinidad tbe road crosses open, 
auincidented plains of Middle Cretaceons sbales, in wbich tbe only 
geological landmarks are occasional ontcrops of tbe barder beds of tbe 
Niobrara limestones carrying abundant casts of Inocerami. 

Tbe road ârst rons soutb along tbe alluvial bottom of Fountain 
Greek to Pneblo, tben bends eastward and foUows tbe bottom lands 
of tbe Arkansas river to La Jimta, from wbicb point it takes a soutb- 
west course, leaviug tbe river bottom and foUowing tbe gently rolling 
plains and tbe beds of varions streams wbicb rise in tbe Sangre de 
Gristo range to tbe sontbwest. Over ail tbese barren-looking plains 
large berds of cattle and sbeep are grazed, and, wberever tbere is suf- 
ficient water for irrigation, tbe varions cereals and many varieties of 
fruits are successfuUy cultivated. 

Before reacbing Trinidad tbe beautiful eruptive mountain group of 
tbe Spanisb Peaks can be seen about 35 miles to tbe westward." 

Tbey consist of two distinct peaks — an eastern (12,720 feet, 3,877 m.) 
and western (13,620 feet, 4,151 m.) — wbicb rise ont of a platform of 
Laramie Cretaceons and recently-discovered Ëocene Tertiary beds 
(known as tbe Huerfano beds), about 10 miles east of tbe Sangre de 
Cristo moun tains. Tbey are of tbe laccolitic type, but not so regular or 
symmetrical as tbe Henry mountains. Tbe laccolite, wbicb spreads 
out in tbe softer sbaly beds of tbe Colorado Cretaceons, is about 2,000 
feet tbick in its central portion, and sends out an intricate System of 
dikes tbrougb tbe overlying beds, wbicb are so tborougbly metamor- 
phosed tbat tbey were assumed by tbe ôrst observcrs in tbis région to 
h% of Carboniferous âge. 

Tbe San Juan brancb of tbe Denver and Bio Grande road crosses tbe 
Sangre de Gristo range into tbe San Luis park at Yeta Pass just to 
tbe rigbt of tbe Spanisb Peaks. 

At El Moro, to tbe rigbt before reacbing Trininad, are tbe coke ovens 
of tbe Denver and Bio Grande Bailroad. 

Trinidad owes its importance to tbe vicinity of most valuable beds 
of excellent coking coal, admirably situated for economical exploita- 
tion. 

Tbe tbickness of Laramie measures, reckoning from tbe top of tbe 
sandstonesto tbe Fort Pierre sbales wbicb outcrop at tbeir base, is 
estimated to be about 1,800 feet. Tbey contain 32 coal seams, wbicb 
bave an aggregate tbickness of 105 feet, tbougb tbe seams are by no 
means continuons tbrougbout tbe field. Tbe areal extent of tbe coal 
field is about a million acres.^^ Tbe coal is eitber a sligbtly caking 
451 GE 30 
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or else a cokiiig coal. diffi-ring tlius froin tho coals of tlie Denver 
basin at tlie saine burizoti, wbicb ivre non-cokiug aiid qnite porons and 
liygroecopic. The Laramiv sandstones lie iii an approxiniately horizon- 
tal poaitiou, and are cappc<l, to tlie eaat of tlic road, by overdows of 
basait, tlie greater uiass of wbieb formH Fislicrs Peak (9,46« fe^t, 
2,$43 ni.)i wbieb is aboiit 3,300 feet above the town to tbe sotithwcst 
This ia the ciiloiinating point of tbe Katuu bills, a broad, dat ttippud 
ridge wbieb extends eastward from tbe base of tbe tnouDtains aitd 
forme the divide between waters flowing into tbe Arkaiisaa ou the 
Dorth, and tbose dowiug sontbward througb New Mexico and Texas 
dircetly into the Giilf of Mexico. 

Tbe différence between slightly caliing and coking coal in this field 
bears an évident relation to tbe uiaguttude of tbe neighboriiig ernptive 
maHsea, the coking coal ocotirring in the portion underlytng tbe Fisb- 
ers Peak ovcrflow. In tnauy parts of tbe field tbe iiuectiou of lava 
along a coal aeam bas produced either a dense natural coke or an 
impure powdery graphite. The onturop of natural coke uear Trinidad 
is probably two uiileti long. lu otber [larts of the âeld ontcrops of coke 
bave beeu traced i and 5 milei^. In a few places limited qnantities of 
semi- anthracite bave been produced, Tlie neighboriQg saudatonee ai« 
altered to f]uartz!tea. 

From Trinidad tbe road rises, in a valIey bordered by blnifs of Lara- 
mJe aandstoues and ahalcs, to Starkville, at tbe west base of Fishers 
Pcak. 

Between Horley and Lanûng the boundary Une between Colorado 
and Mew Mexico ia (Tossed. The edges of the coulées of basait, cap- 
ping tbe mesa, can be distinguiNbed on the east. 

The road now descends rapidly to Batmi, and passes ont into tbe 
broad, opeu valley of the Canadiau river, eroded out ol Middle Crela- 
ceons sbales. 

Ât Haxwell tbe hills to the east are capi>ed by basait. This is on 
the nell-known Maxwell Grant, one of tbe grants of land made by tlie 
Spanisb autborities before New Mexico was ceded to the United States. 
At the time thèse grants were made land had bttle vaine, and Uie 
boundaries of the grants were very loosely de&ned by natural featares, 
such as streams and watersbeds, wbo»e names bave since been changed. 
The treaty of cession i>rovided that the U. 8. Government slioald 
coufirm titles to lands thns grauted. This particnlar grant, as sor- 
Teyed for tbe persous who purchased it from the original grantees, 
covered in the neighborhood of a million acres. It was sold by them 
to Dntch capitalists. Since tbe sale there bas been long litigation, 
based upon an asserted fniud in makingtbe snrveys of tbe boundaries. 
As thèse surveys had beeu aci^cjitcd by the U. S. Land Office, the title 
of the nresent holders was Hually conhruied. 
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Gimarron Greek, a tribntary of the Canadian, which drains an inte- 
rlor monoclinal valley of the southern portion of the Sangre de Cristo 
range, is crossed at Spring^r station. 

At Wagon Monnd the road traverses a gap in basait between Ocate 
iMfift on the west and the Canadian hills on the east, both of which are 
capped by basait. South of the Ocate mesa and west of the road are 
the Tarkey mountains, whicli are formed of Carboniferous strata sur- 
ronnded by Dakota sandstones, which dip gently away in ail directions. 

At Tipton the road has passed on to the Dakota sandstones, which 
nnderlie the shalea. Directly west of this station, on the soathem 
X)oint of the Tnrkey mountains, is an extinct basaltic volcano with 
extremely perfect crater, whose rim is broken cnly by a narrow gap on 
the south side. According to Prof J. J. Stevenson ^ a coulée from 
this crater flowed south down Cherry Creek to the canyon of the Mora 
river, and then east along the bottom of this canyon to its junction with 
Canadian river, 30 miles to the eastward. In the upi>er part of the can- 
yon only fragments of the coulée remain, but below it is continuons for 
nearly 20 miles. This flow occurred at a time when the Mora canyon, 
at its lower end, had bcen eroded to a depth of 860 feet (262 m.) below 
the top of its i)resent walls. The basait coulée then ûUed the bottom 
of this chasm to a depth of 400 feet; since which time the stream has 
eroded a new channel, partly in the biisalt, and partly in the sandstone 
on one side of it. This latter channel, at the mouth of the canyon, is 
230 (70 m.) feet below the base of the lava and 1,090 feet (322 m.) below 
the plain. 

From Sboemaker to Watrons the road follows the valley of Mora 
river in Dakota sandst<mes. It tlien bends sonthwestward across a 
plain of Middle Cretaceous shales to Las Vegas, whose fine thermal 
springs lie a few miles west of the main line, at the foot of the steeper 
8lope of the mountains. Hère the railroad company has built a bathing 
establishment and a handsome hotel, which has several times been 
bnmed down. 

From Las Vegas the road runs southward into Dakota sandstonea, 
resting against the upturned Carboniferous beds whichform the sou th- 
eastem extremlty of the Sangre de Cristo range. 

At Bernai it tums westward, along the northem base of a mesa of 
Dakota sandstones, and passes into the vallej of the Pecos river. It 
then bends northwestward and follows along the south side of the 
valley of the Pecos to near its source at Olorieta. It then bends 
sonthwestward, cutting through a prqjecting tongue of the Dakota 
mesa at Canondto, and passes into the valley of Gallisteo creek. 

At Manzanares it touches the sonthern point of the Southwest 
extremity of the Sangre de Cristo range, which is formed of Archean 
with an encirding &inge of Carboniferous beds. 
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From Lamy a biaiicli mus north across Tertiaiy beds (Santa Fe 
marlH) 40 Diiles (65 km.), to Santa Fe, fine of the oldest settleineuU in 
tbe United Stat«s. Likc many otber Spanisli towim of tbe Soutfaweet, 
it OMQpiee tbe site of au Indlau pueblo. 

Tiie road now passes iuto tbe Laraniie coal-bearing rocks, in whieb 
soiiie mines bave been oi>ened uut fnr fiom Oitù. Tbe l>eds are, how- 
ever, uiuch broken by emptive rocks, and tbe coal in some cases bas 
boeu cbanged to aiithiucite. In tbe valley to tbe soutb, ai'onnd the 
Placer niountains, is a considérable act;uamlation of gold-bearing 
gravels whicb miglit. be proât-ably worked 11' it were not for tbe absence 
of water. 

To the nortb of Los CerriUos, in tlie bills nf the same uame, tar- 
qnoise is found in rbyobte. Tbe mines from wbicb tbig minerai is 
obtaiued arc supjiosed to bave been worked by tbe Aztecs before the 
advent of the Upaniarda. 

Beyond Wallaoe the road entera the valley of the Rio Grande de) 
Ifoite. Tbis stream takes its rise in tbe varions luountains wbicb sm'- 
rouud tbe great interior valley of San Laie Park. Aftcr leaving tbia 
well-watered and fertile vaJley it pauses throngb narrows fonued by 
couli^es of basait into the arid régions of New Mexico. To oue coming 
from the eaat tlie portion of tbe valley foUowcd by tbe railroad bas a 
gênerai aspect suggestive of that of tbe Nile. The river Sows in a 
broad allnvial bottom. boanded by low bluSs at considérable ilistanees 
l)iick Irom tliti river. In tln^ c^irlj snriiiiicr, wlien th<! snows nielt in tlie 
niountains, its waters spread out over the bottoms and Icave a thin 
deposit of fine alluvial soil, wbicb soon becomes brilliantly green with 
growing crops and fruits. As the river falls, the beat of snmtuer grad- 
nally toms tbis veidnre to a somber yellow or drab, except in a few 
favored spots. The old-world aspect of tbe valley is heightened by 
the (^uaint old Spunish towns, largely built of adobe or sun-dried 
bricks, and still more by the villages of the Pueblo Indians, bnilt of 
stone, but plastered over the surface with mud. 

[By G. K. GiLBKRT.] 

East of Alboqnerque stand the Zandia moantains'* overlooking 
the Rio Grande with a bold mural front, even and straight, and little 
gashed by canyons. From the water to tbe crest tbe rise is 7,000 feet 
(2,100 m.). Fjxcept the crest tbe whole front ia Arehean, but from end 
to end there is a comice of Oarboniferons limestone a few handred feet 
thick, that by its coutinuity »hows tbe whole was raised in a single 
unshattered mass. The easterii faee is of easier slope, but is less regu- 
liir. The limestone band, tbat forms the persistent and almostlevel line 
of crest, is the edgc of an eastward-dippiug bed that is 8uc«eeded in that 
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direction by superior Carboniferous aod Mesozoic strate, ail dipping 
from the mountain. But going westward from the Archean belt the 
onaltered rocks are uot found in the same order. Tbe tongli Carbonif- 
erons limestone that holds its own so valiantly on the summit does not 
appear at the west, as it sliould if the structure of the mountain were 
anticlinal; but the first strata seen, after passing the valley gravels, 
which bury the base of the Archean wall, are of Cretaceous âge, and 
they dip toward, rather than from, the ridge. The mountain is a great 
but simple monoclinal mass, b<mnded on the west by a profound fault, 
along the Une of which is the river valley. The différence of level 
between the Carboniferous strata on the crest of the mountain and the 
dissevered fraction of the same strata, buried far below the Cretaceous 
rocks in the valley, is not less than 11,000 feet (3,300 m.), «and sometliing 
greater than this must hâve been the throw of the fault that separated 
them. 

Thence, westward to Flagstaff and northward to the Grand canyon 
of the Coloraiio, the route lies exclusively within the Plateau région. 
The rocks are Cretaceous, Jura-Trias, Carboniferous, and volcanic. The 
Cretaceous System includes alternations of yellow sandstones with gray 
argillaceons shales, and there are occasional beds of coal. The maxi- 
mum thickness is about 4,000 feet (1,200m). The Jura-Trias iscomposed 
of sandstones withsandy shales and maris, and is everywhere chara(;ter- 
ized by brilliant colors. In the upper part of the System lenses of gyp- 
sum occur, and further west beds of sait are associated with them. At 
the westjcalcareous beds hâve been found in the upper part, with marine 
shells, called Jurassic. Farther east, beds near the summit of the 
séries hâve yielded plants referred to the Trias, and bones referred to 
the Jura. About the Zuni uplift^^ the most conspicuous member of 
the System is the Wingate sandstone, a massive bed nearly 500 feet 
(150 m.) thick occnrring near the middle of the system, which has hère 
a total depth of about 3,500 feet (1,000 m.). Farther west another 
massive bed appears near the upper limit, and acquires topographie 
prominence. The Carboniferous system is characterized by two great 
beds of limestone, which weather but slowly and are thus rendered 
prominent in the topograpby. The lower appears in the Grand canyon 
of the Colorado; the upper, known as the Aubrey limestone, is seen in 
the Zuîii mountains, and constitutes a large portion of the plateau 
traversed between Flagstaff and the Grand canyon. Above this are a 
few hundred feet of bright-colored shales and sandstones, resembling 
the Jura-Trias rocks, but classed with the Paleozoic by reason of fossils 
of Permian type discovered in southem Utah. The same Permian 
ûicies characterizes fossils of the upper layer of the Aubrey limestone. 

Associated with thèse are volcanic rocks with many modes of occur- 
rence. Basic lavas, chieliy andesitic, rest upon the plateau in great 
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cooes buUt'iu Tertiary time, and Icft by tlie progressive dégradation nf 
tbe région upon pedestuls of IcHS résistant ro<-k. Next in important 
are lava flows,partly andesilic. but largely bnsaltic, and of siich autiq- 
uity tbat the coiintry lia» bceii eroded about theni, leaving tbem an 
caps of small plateaus or niesas. In soino cases, wbere thi; outjxtiircd 
lava h&n beeti removed by érosion, tbe congealed lava of tbe uoiidnit 
remaineas avolcanic nwk. Ofmore modem date, and ofteo of estreme 
recency, alttiougli not bistorii;al, aie basaltic ciudcr concs and basaltic 
coulées, wbieh diversify the plateaas and course throngh the valleys. 

Nomially the atrata are approxiraately level and interest centers iii 
tbe variations froni tbi» attitude. Tho Zuui mount^ins were prodiireil 
by a ino<lerat« uparcbing, the axi» of whicli trouds northwest aiid suutb- 
euBt. On tbe northeast side the dip» are gentle; on tbe noutliwrst 
steep. Froin tbe iiorthwestem end of the uplift, a nioiiocliiiul fuld — 
the Notria fold " — continues ibr several miles, and tben gradually fa«le8 
out. Wbcre a inonooliDal tbld ts uoi'iually developed it in tbe eciniva- 
lent of a fault, except th.it strata arc Hexed iiistead of fractui-ed; in 
this case flexure and fracture are combined (Fig. 29). Farther westward 
another umnocUne, the Défiance fold, is eeeu, as well an uiinor Hesures. 
and ncar the Grand canyon yet others. 

Tbe San Mateo Plateau is occnpicd by an immense composite shcet 
of lava 700 square miles (1,800 sq. km.) in area. By tbe dégradation 
of the Bui-rouDdiug Cretaceoas rocks it has received a relative altitude 
of more than J.OOO feet. Upon it stand nnnieriiiis cimier cônes and 
tbe great andesitic mass of Mount Taylor, and aroand about it a multi- 
tude of volcanic necks testify to its greater original estent. Mount 
San Francisco, likemse a great coue of andésite, was bnilt upon Jum- 
Trias rocks, but thèse bave been worn from the surronnding plain. 
together with ail otber strata down to tbe Aubrey limestone, and the 
talus of andésite almost completely couceals tbe sedimentary pedesta), 
80 tbat the peak »eems to Hpring 5,000 feet {1,500 m.) iuto tbe air trom 
a plain of Aubrey limestone. AU about it are more récent basaltic 
cioder cônes and lavas, 

Wbere the train enters the Plateau région, soon after crossing the 
Kio Grande, it foUowsa valley eut throngh tbe Cretaceons andintothe 
Jura-Trias. Near Lagnna it rises to the Cretaceous, but beforethat 
point is reached a fresh bhick lava strcam appears in the valley, and this 
is kept in sigli t for many miles. Thence to HcCartyi tbe visible sediment- 
ary rock is ail Crctaceous. Nortbward at a short distance appears the 
San Mat«o plateau, with Mount Taylor on its back, and in tbe face of the 
plateau are to bo seen folds of Crctaceous strata formed previoas to the 
volcanic éruption. Nearer by arc several buttes, eonstituted by volcanic 
necks, and Just beyond Cnbero stittion is a dome-like lava cône. At 
HcCartyi another fresh lava streain is encount«red in the valley, aud this 
remidns in sight until Bluewater is passed. A fewmiles beyond McOartyi 
tbe train passes from Crctaceous to Jurii-Trias rocks, but the character- 
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istic features of the System do iiot appear until the lava is left beliind. 
From near Blnewater to Minerai spring tliS train follows a mono- 
clinaJ Valley belonging to the northeastern llank of the Zuui uplift. 
Beneath the track is the lower division of the Jura-Trias. At the right 
are a séries of picturesque vermilion and orange bluffs and to wers mark- 
ing the outcrop of the Wingate sandstone- Farther back a second 
clift* line marks the out<;rop of the basai sandstone of the Cretai^eous. 
On the left rises the Zuîii range, exhibiting over large areas the upper 
surface of the Aubrey limestone, denuded of ail superior strata and 
embodying on its surface the détails of mountain structure. With 
favorable light, a System of minor faults and monoclinal flexures can 
be confidently traced from a distance. 

Tlie slopes of the valley are gentle, but its drainage is curiously 
divided, a part going to the Atlantic and another part to the Pacific. 
Quite unconscious that his train is surmounting a summit, the traveler 
hère crosses the Continental divide. 




If^o. 29.— Tbo Nutria l'old. 

At Minerai spring the Nutria fold is crossed. To the northward the 
strata can be seen to arch over and then suddenly descend. To the 
Bonthward the fold is mai-ked by a line of rocky crags. Thence to 
ICannelito the way lies among mesas of Cretaceous rock. A little west 
of Mannelito the Défiance fold is encountered — a monoclinal similar to 
that of Minerai spring, but of opposite throw. The Jura-Trias is agaiu 
brought to the surface, and upon it the train continues to the crossing 
of the Little Colorado at Winslow. The beds hère seen belong chiefly 
to the lower portion of the System, including perhaps also the upper of 
the strata referre4 to the Permian. Their varied hues in this desolate 
région hâve given name to the Painted désert, but near the Little 
Colorado they are partly concealed by alluvium. 

From Window to Flagstaff the prevailing rock is Aubrey limestone, 
which rises westward from beneath tlie Jura-Trias. Its surface is dis- 
tinijbed by minor faults and folds, and diversified by basaltic mesa and 
cinder cônes; and about San Francisco Mountain itis clothed by a 
noble forest of yellow pine {Pmus ponderosa). 

Where the drainage lines cross low anticlines of the limestone they 
are sharply incised, and two such trenches are crossed by the railway. 
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The greater of theae, Canyon Diablo, ha« a deptli of 250 feet (75 m.) 
and bas yiveu name to the raiiway station ju8t east of it. 

Ât Flagitaff ttie mode of travel changes; the party is conreye^l by 
vagouH and saddle horses, takes its uieal» out of doors, and sleeps in 
tenta.* 



FLAGSTAFF TO THE GRAND CANYON." 



Flagstaff »tandH at the soiithern base of San Francisco Mount»in. 
The road to the briuk of the Giaud canyon cnrves castward about tlie 
mouutaiu and tlien takes a norther]y course. In the vicinity of the 
mountaiu ai'e a great number of basaltic cinder cône» from 500 to t,500 
feec (150 to 450ni.) in heiglit, and moat of thèse ai'e bo iiewly fonntMl 
that their craters are well preserved. A few are not yet ch>thed with 
végétation, and one, Snnset peak, is associsted wîth a black lav» flelil 
eijually barren. The aides of this cône are of black lapilli, but its 
crest is tipped wîth red tu a way to suggest that it catclies the laxt 
raya of the setting sun. In tlie créât of anotber cône are artificial 
caves diig by ludians tn serve as dwellings, but long abandoned. 

Tbe gênerai altitude of the plat^an is 7,000 fect (2,100 m.), and it is 
bcantilied by forests of piiie, wiiich give pecnliar deligbt to eyes wearied 
witli trepless plains and nieaas, but w!it*r is nevertheless scanty. Theiv 
are no streams, and springs are rare. Hull spring, the ârst one seen 
by tbe party, ia a «lay's joiirney from Flagstaff and détermines a point 
of encampment. The dégradation of the eountry haa hère progressed 
several buudred feet since tbe spreading of a great field of basaltic 
lava, and tlie beds of résistant basait cap a mesa facing toward the 
north. Beneath are soft shales of Permian âge, and the water stored 
in the crevices of tbe basait escapes slowly at the plane of contact. 

Tbe sloping Permian out«rop is sbeathed by fragments of the basait, 
vhich breaks away in hugeblockaasitissapped. One of thèse blocks, 
aeparat€d from tbe main clifT by a chasm a bundred yards across, vas 
ebosen as tbe site of an Indian village and covered with atone honaes- 
The ruined walls remain, with fragmenta of pottery, and chips of âint 
and obsidian. 

From Hull spring north ward the road descends below the zooeof 
trees aad for 20 miles (SOkni.) traverses a prairie floored byAahrey 
limestone. Continuing on the same terrane, it then rises againioto 
the zone of pine forest, and there remains tili the brink of the canyon 
is reached. Tbis timbered upland is the Oosniiio plateau, the conipto- 
ion and couuterpurt of the Kaibab plateau north of the river. Iiideed 
the two are parts of one uplift divided by the corrading river. 
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The Aubrey limestone withstands érosion so mnch better than the 
Shiuarump (Permian) shales and sands above it, that its surface bas 
been denuded over a vast area and constitntes the floor of the coantry. 
Each great orogenic block stands as a plateau, each fault is marked 
by a cliff, each rock flexure is revealed in a topographie profile. Through 
this grand tectonic model runs the river's trench, revealing its anatomy 
in either wall. 

The brink of the chasm is reached at a point nearly opposite Point 
Sublime, and the y iew does not difter in character firom that sketched by 
Holmes.**** The canyon is hère broad and its walls are elaborately 
sculptured in sinuate terraces and cliffs, with buttresses, alcôves, pyra- 
mids, and spires innumerable. The Aubrey limestone and a firm sand- 
stone beneath it, both pale in tint, constitute the first cliff, and a broad 
sloping terrace below it reveals a séries of bright red shales and sand- 
stones likewise of the Aubrey group. The foundation of this ter- 
race and the material of the next cliff is a massive gray limestone, 
named the Red Wall because generally stained by pigment washed 
fix)m above. The cliff is 1,000 feet (300 m.) high, and can be scaled only 
hère and there in a deep recess. The next terrace is due to sandy shales 
of dingy hues, green, gray, and brown — the Tonto shales; and the Tonto 
sandstone forms a chocolate-colored cliff beneath. 

The Aubrey beds and the Red Wall limestone carry Garboniferous 
fossils; there are Gambrian fossils in the Tonto shales and .Tonto sand- 
stoues. Devonian and Silurian claim a narrow zone at the base of 
the Red WalL Beneath the Tonto sandstone is a profound unconfor- 
mity; it reste partly on Archean schists and granité, partly on basset 
edges of two great Systems of Algonkian strata, comprising ail ordinary 
types of clastic rocks, but yielding only tantalizing traces of contem- 
I)orary organisms. Thèse Systems are themselves separated by an 
unconformity, and a still greater break divides the lower from the 
Archean. 





To the ethnologlBt tbis irbole refion fs of qieolal inteeert Iqr r 
of the opportaoîtâes aflbrded to Btady the îustitatfoiû, arts, aad arohi- 
tectoreofPoebloIiidiiUw. From the train maybeKCJBtbeirtlIagnof 
Xdsta and Is^aiat, besideB a niunber of oatlyiiic fuiaa and baipletB 
MoDgingtoIagnaa, and the^rholer^ion abonndB'wi&ndnflaodothflt 
vestiges of boto extended occupation. Thnmgh ao immuiae are», oom- 
]»i«ing the half of Oolorado and Utali aiul tbe greater part of Arizona 
and ISew Mexico, tbere is scaroety im acie on wbich ehards of Pueblo 
foUftity may notbe fonnâ. Thoogb the liouses are of stono., the mortar 
f)mp1oyeâ has no lithifying prinoiitle and yields to tbe storme, so tbat 
tiw w^Ib of abandoned honses are apt to fall, but a. multitude of 
stnictares built in shallow caves on the faces of cliffs hâve beeu pre- 
served, ent^ing tïie Btadent to assure himsclf of tbe îde.iitity of the 
caltore represented by the rniss iritb t]iat of tbe iiioderu villages. A 
l^onp of diff dvellings ia leadily accessible &om Flagstaff. 






476 OBOLtMICAL tXXSUBBtOB To TUE ROCKY UOmtTAIHB. 

Wales or tlid tArU aloBg the Tésère in Mesosoio 'roeko. As in Hie 
diff of DoFd(^rii^ 80 in the Wafnat ««0700, tiiese «bélteis hâve beea 
ocen^ed hy peo{de whràA the neeeositâeaof 
primerai Ufb or tlieezigeDdfls of war dxove 
to eadly defrad^d fe stuoea eg in Uie loeka. 
Thor do not impl7 ^bat tba raoes who 
àv^ed themaelTaB of tbaao Kbma^baida 
wete'in a mon rode 9tage thut tbxme who 
lîred in Itots npon £he plateau. In aie Mid- 
dle Ages the Bock of Tt^ao vas long held 
by tiie EngUsh, and ao the remains left by 
the Indlatt tribe wliioh occapied tâtese <âiff 
dweUiDgs in the Wabiat canyon did not 
lead TU to infér Gtai It vas in «a early stage 
of oivilization. The fràgUieatB ci pottery 
showed maeh artiatio tàate and aUlL The 
stone arrowheadB were hlghly finished and of the samé type as tliOM 
by tlio lodians of hiBtoric tiis& The iralls of the dweDingB were 
of stone-cmnented byinortar,in which irarepîeoeBofpottery,'bhowing 
that the building was still goiug dn after the tiibeë had Uvêd Ouro 
fat BCHue time fud scattered hoasehold mbbish afaont. Oobs of In- 
dian oom told of cnltivation, vhile their state of iweeervatlcm eon- 
Urined the impression, derived from the mortar and other ranaiiM, 
âiat there waa no groond for assigning the oocapation of thecliff to aoy 
remote aotiquity. 



SECTION IN CONORBSS CANYON OPPOSITE POINT SUBLIME. 
By Dr. Fritz Pbrch. 

The saccessiou of strata exposed in the Grand Canyon of tbe Oolo- 
rado bas already beeu sevÔral tiines describeâ ("■m-ij_ 

Bat ail the sectioDS bitberto published diffor somewbat in regard to 
the petrographical cbaracter, the relative tbickuess and tbe distnrb- 
ances of tbe strata, and as the section shown in Congress <uuiyon bas 
not been învestigated before by any geologist, it may well be described 
at Bome length. Tbe section is interesting not alone for the opportn- 
nity it alfords to make a diagnosis of the petrographical character of 
the strata. There are probably few places on tbeearth wfaere the geo- 
logical pltenoiiiena of fokliiig, faiilting, uplitting, as well as nuiuerous 
trausgrcssious, may be so easily taken in at a single glanée. 

As the geologist passes ujiward from tbe bottom of the canyon to 
Uance's cabin be crosses the terviines of the following priDCtpal geolog- 
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icaldjvisious: Ardiean, Algoiikian, C<inibnan, aDdCarboniferous. The 
more important divisioDS of thèse groni>8 are marbed by tlie Roman 
Dunierals I to VII, 
in ascendiiig or- 
der, in Fig. 32. 

I. Arche an. 
Gneiss witli intm- 
BÎre dikes of gran- 
ité, pegmatite,aiid 
later diabase. 

II. Aljjonkian. 
Grand Canyon sé- 
ries," lyiugnncon- 
formably on tlie 
gueÎBS. Coarse 
red sandstonos, 
sbales, and t-on- 
glomerates, witb a 
sheet of diabasu in 
tbe lower part (in- 
tnisive or surface 
flow!). Its total 
ttiickness, as ob- 
served at otlier 
points, 18 over 13,- 
0(H»feet(4,0OOm.); 
in tliis section only 
300 to 400 mètres 
are exi>08cd, 

IlIaudlV. Gam- 
brian, (about 1,000 
feet(305ui.)thi<;k) 
lying nnconform- 
aWy on the np- 
tamed edgesofthe 
Algoiiklau beds. 
Tbe faults wliicb 

traverse tbe latter F'o- m— sscuod 

beds terminate at tbe base of tbe Cambrian. 

•The Grand Canyon xerieH ie fally dovelop^d only in f.he main canyon and thins ont 
in thesmalloT valkj tlirough wbirh the trail frnm Hance'x cahin degrands. The 
Cambrian aaudBtoue resta <iirect1y on tht> gnoisB in tbi.> picturesquo niche or panel >* 
«alled St. Gabriel'a Catbedral (^ m. high), wheni tbe geologista camped tbe fint 
night. 




1d CoDgreu Moyon. 
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Tbe CembdaQ U sabdivided Jntu — 

IIL Tatear Tmto, (aboat 300 feet) massive reti sanil&tuut^s witb 8<.'oIi- 
OtOB at -the top. 

IV. Ufptr S'oKito, (abont476 feet) greenish shftles and sbuly sand- 
8t0neB vith impare ItiriestCHiefl îti tlie iipp4;r part. 

The DevoDÎaii, vfaicb bas becn obnerved by Walcott" on tbe 
oUier Bide of the Orand canyon, botween Marble canyun and Kaibab 
plateau, ta altogetber vaiiting »t x\\\s i>oiiit. The unconforinity of 
«OBÏon at the base of tbe Bed Wall Hmeëtone, obaerred . by the aatM 
geologist, is alao very obscore bere. Tliere aerana to be a gradopl paa- 
sage ftom tbe arenaceonB aedimentR of the Tooto to tiie Oarbonifbnxu 
limeatones above, bat aie fiust thata sandstone bed ia intercalated at . 
tbe base of tbe Carbonifaroiiâ Unestones is bonsiitent with Waloottfli 
obBervaticDB. 

V. Lower Oarh(m\fen»u,eat. 1,000 feet. Bed Wall limestone. 
' (a) At the base: alteiiiating sandstone ànd limestone. 

{h) Bed and wbite stratifled (thin-bedded t) Umestooe, in part ori- 
noidal limestone with casts of Sfiriftr afriottw. 

(e) Bed of blnish brecciated limestone. 

Above thèse comestbecliffoftiie Bed Walljitoonsistsof a massive 
orobscarely bedded pure vhitelimestone, vhiehissDperflciallyoolored 
by waters seepiog throngh tbered beds of tbe Anbrey gn»^, 

VI and VII. Ufper Carho%}feroua or Aubrey gronp. 

VI (ffl). Lower Aabrey sandstone and shale, ca. 1,000 feet. The npper 
and lower parts are formed by thiii-bedded sandstones and ahales; in 
the middle tliere is a well de&ned cliS' of massive sandstones. 

VI (6). Wbite Aubrey saudatone, ca. 400 feet, cross-bedded and 
formiug a steep eliff distinctly visible irom a long distance as a wbite 
band iu the midst of the red rocks. 

VII. Aubpey limestone and dolomite, ca. 500 feet (800 feet on 
tbe other side of tbe canyon). In tbe lower part is found a pore lime- 
stone wbich resta directiy on the sandstone withont any transition. 
The upper part consists of cherty liuiestones wfaich contain a large 
AlUiriama and some lU-preserved gasteropoda {Euomphalua and Pleuro- 
twnaria), . In Coconino or Walnnt canyon, near Flagstaff, the follow- 
ing Brachiopoda werefonnd in tbefaint pi nk-colored dolomite in which 
are the famous clitf dwellings. (See p. 475.) 

Productm IvesU, Newberry, very common. 

Productv.8 aff., scabriculu», rare. 

Spirifer {Martinia) Uneata, Marsh, rare. 

The spécimens of P. Iveaii are very clearly related to the Upper Car- 
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boniferous form of P. semireticulaUis^ which Dr. E. Schellwieu* bas 
named var. bathycolpos; but in P. Ivesii the ribs of the ahell and the 
spines are more strongly developed and tbe medial septura in tbe 
smaller valve is divided. P. Ivesii sliould be considered a variety of P. 
seniireticulatus and not a distinct species. 

The principal terraces are developed at the horizons of the Upper 
Tonto (IV), and at the base and top of the Lower Aubrey sandstone 
(VI a). They are indicated by the reduced slope of the cliff in the 
accompanying section (Fig. 32). The actual slope of thèse terraces could 
not be given for want of space. 

The principal cliffs are forined by the Archean, the Grand Canyon 
and Lower Tonto séries and the Red Wall. The picturesque carved (or 
incised) forins of the latter hâve a reniarkable resemblance to the 
Dolomite cliffs of the Upper Trias in soutliern Tyrol. 

The following table gives tlie resnlts of a more detailed examination 
of the Tonto séries (III and IV): 

Feet. 

III. 1. Coarse, red, cross-beclded Bandstones, with pebbles of quartz at the base 

and ScolithH9 at tbe top ca. . 260 

2. White sandstone, spotted black 30 

IV. 3. Thin-bedded, brown, quartzitic sandstones and sbales 14 

4. YeUow and cbocolate-colored, sandy sbales, altemating witb cross- 

bedded sandstones and conglomérâtes 45 

5. Well-deliued bed of brown sandstone with glauconito( ?), contalning 

OhoUela 4 

6. Greenisb or snufl-colored, shaly sandstone with worm tracks (Cruzi- 

ana), ripple-marks and glaiiconite(?) (OboUelapoUtaïlall^ Lingula 
monticula Walcott t) 65 

7. Same rocks as in 5 and 6. Large ripple-marks in the lower part, and 

in the upper part a glauconite layer 5 to 15 cm. thick. Obollela sp. f . . 32 

8. Snnff-colored sandstone, forming a well-defined cliff 8 feet high. In 

the upper part some calcareous shale 85 

9. Greenisb or snnff-colored shaleR with small ripple-marks, forming a 

gentle slope 85 

10. Same beds as in 8. In tbe upper, a bed of limestone forming a small 

cliff. 44 

11. Greenish shalos, with small cliff hi the midst formed by a içreenish 

sandstone 85 

The section shown in Congress canyon is in many respects incom- 
plète. The following table, made by C. D. Walcott ^ at the Kaibab 
Plateau on the north side of the Grand canyon, gives the complète 
section (Roman numerals dénote corresponding beds observed in Con- 
gress canyon) : 

Fe«t. 

Tertiary 815 

Cretaceous 3, 095 

*To whom I am iudebted for the détermination of the two Productus. Compare 
the figures of 1\ semireticulatus ^h\ie, G. and G. Surveys W. of lOOth moridian, Vol. 
IV. p. 111, Pi. VIII, fig. 1, and Productus Sp, f Meek. U. 8. G. Explor. 40th Par. Vol. 
IV p. 67, PI. VII, fig. 6. 
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Jnrusalo (identified) 

JnrK-Trios 

fPormiAu fffi4 
VII. Uppuc Aiibreylitueêtone 806 

" ] VI. l.nwer Aiibroy linitwtoQo 1,485 

[ V, Ite<I WnlIltmratoDe 962 

..Tcmjilo Butte IlmeatoDa 



Cnrliiii 






IV. TonUi (cttlcureouB und »ruDac«onH Khala) 

t III. Tonto (Bnndatime) 

I Ohnar(Blia]es andliaieatones) 5,130 

) II. Grand Canyon (sandstunes with lava flowa in 

npi>crpart) 6.S» 

I Vûhuu (buldod (juartiitta and sehUts) 1,000 



GENERAI. COMCLUSIOÎIS. 

The intereat afforded by tlio Orand canyon sectiou is iiot restricted to 
tbe niere petrograpliieal nnil stratigrapliical diagaosis of its beds. It 
would be difficuli to liud iiuother locality where tbe geological changes 
indaced by faultiiig, foldiiig, and volcanîe eruptious can be so easily 
obsorved at a single glaoce. As Gapt. Diitton remarks: ** "Probably 
tliere is no iustaiice bi be foand in the world where an nnconformity ia re- 
realed apon Bach a magnillceot acale, and certaiuly not ainid sncli im- 
presBive Buirouudings." If we attempt to rend the pages of thc gigautic 
maniial of geulogy, which is levealcd to us Erom the brink of the great 
chasni, we niay decipher the following épisodes in its ancient history; 

1. Enorgetic fotding of the gneiss, and simnltaneoas or snbseqaent 
iotmsion of pegmatite dikee, which bave also been foldeâ. 

2. Complète érosion and planing down of the pre-Algonkian monn- 
tains ; déposition of 13,000 feet (1,000 m.) of Algonkiao saudstones aud 
sbales. 

3. Eruption ofdiabases^thediabaseâiïeswhich cross thepegmat t«s 
lie eonformably betweeu tbe Algoukiau sandstones (TPhether sur: ice 
flows or intrusive sheetaî) but do not penetrate the younger rocks] 

4. Upheaval and fautting of the Algonkian sédiments and incloded 
emptive beds. 

5. Transgression of the TJpperCambrian (Tonto) sandstones; incom- 
plète érosion and planing off of tbe Algonkian land surface. [Ilie 
Algonkian beds are partiallyor totallyTvantingbetween the gneiss and 
the Tonto séries; in other words, tbe sédiments thtu out over '. be 
ancient reefs of tbe Cambrian sea.] 

6. Tbe Silurian is wanting, and at tbe top of the irregnlarly d a- 
tribnted Devonian tbere is an unconfonnity by érosion (without d s- 
cordance of stratification). Thèse facts may be esplaiued in eitber >f 
three ways: (1) Tbe Canyon area became dry land before and ail* 
Devonian time; (2) or, after déposition of the Silurian strata, thty 
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SKETCH OP THE PRE-CAMBRIAN GEOLOGY SOUTH OP LAKE SU- 
PERIOR, WITH REFERENCES TO ILLUSTRATIVE LOCALITIES.» 

By C. R. Van Hise. 

The anoient formations sonth of Lake Superior may be grouped into 
five great divisions: The Basement Complex, the Lower HuroniaD, the 
Upper Huroiiian, the Keweenawan, and the Lake Superior Sandstone. 
Thèse five divisions are separated by unconforinities of great magni- 
tude, two of the uneonformities at le«i8t being of the ftrst order. 
According to the classification adopted by the United States Geological 
Survey, the Basement Complex is Archean ; the Lower Hnronian, U]>i)er 
Huronian, and Keweenawan constitute the Algonkian for this région, 
and the Lake Superior sandstone is Gambrian. 

Battement Complex.— The characteristic rocks of the Basement Com- 
plex are (1) liglitcolored granités and gneissoid granités; and (2) dark- 
colored, finely foliated or banded gneisses or schists. Thèse are eut by 
varions basic and acid intrusives, many of which are not différent from 
eruptives found in the later séries, with which they are donbtless in 
part continuons. 

The granités and gneissoid granités are pla(îed together, because 
between the two there are ex)nstant gradations. If one si)eaks accurately 
and iucludes among granités only those rocks which are completely 
massive, the gneissoid granités include the major portion of the gran- 
itic rocks; for in large exposures it is usually possible to find some 
évidence of foliation. The granitoid areas are of greatly varying sizes, 
mnning from small patches to those many miles in diameter. When 
every where surrounded by the schistose divison of the Basement Com^ 
plex they frequently hâve oval or ovoid fornis. In nearing the onter 
border of the granitoid areas the foliation often becomes more and more 
prominent, and near the edge of au area the rock frequently passes into 
a welMaminated gneiss. 

The schistose rocks include finegrained hornblende-gneisses, mica- 
gneisses, chlorite-gneisses, and varions green schists formei-ly supposed 
to be sedimentary but now known to be greatly modified basic and acid 
igneous rocks. The schists hâve usually a dark-green or black color, 
are strougly foliated, and the variations in strike and dip of this folia- 
tion within small areas is very great. Not infreqnently thèse schistose 
rocks are trac^d with ail gradations into massive igneous rocks. The 
contacts between the schistose division and the gneissoid division of 
the Basement Complex are usually those of intrusion, the granitoid 

* The illustrations are from the publications of HrookH, Irving, Williams (G. H.), 
Pumpelly, aud Van Hise. 
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rocks being the lator. In paasitig from a scltifltoHe to a gmnitoid iuea, 
Binall pogiiiutitiulitukiiig vflinsof tlie granité are iisunlly first fouiid. 
In going ouward the^e veiua becoine more iiumeroats, auii aftvr a tiiri« 
aii[>ear immUtakiible ilikes of grai)it«, wliich niiiltiply in uuiubcr and 
size in approat^liiog tliu gi-aiiit« area, uiitil tbe granité is foaud in great 
busses. I)<^rfi w« bave, i>er1ia|)îi, a ncarly e<)ual (inantity of Hctiintjise 
and graniU>id rovkn, nui in tbis intcrmediate 7^ne the scliists mAy b« 
found as a inaxH of blwk^ witbin tbu gianite, 8ometiuif« at but «inall 
distancem ftoœ their original |)ositions, tlie wbole having fi-etiueurty u 
Boniewhatœnglomeratic appearaiice. However, tlie^ie pseudo-conglom- 
erattis, ao well described by Lawiinn,'* grade more or less rapidiy on 
the one liaud iuto the srhiflts, and on the otber into tbe tsolid gneissoid 
grauil«. The eomplete eliaiige inay occur wîthln a short distanef^i or it 
inay take a niile or iiioru. 

The Biwement (Joinplex i» tbea «omposed of intricat^ly interlocking 
aruas of granitoid rocks and sobistose rocks. Moreover ail of thèse 
rocks are completely (îrystalline. None of them show any uuioistakable 
évidence of having been derived from sedimentavies, but niany can be 
traced wit h gradations into massive rocks, and f herefore the greater pro- 
portion of them are igneons, if a complotely massive grauular struc- 
ture be proof of snob an origîn. 

The Baseuient Oomplex ie the most witlespread of any of tbo Lake 
Superior Systems, and in many areas good sections may be seeo which 
welI ilhistrate the charatters of the rocks and their relationa. A fcw 
of the more accessible may i>erhaps be mentioned. Both divisions of 
the Basement Complex may be readily studied near tbe Meuominee, 
Marquette, and Penokee irou districts. 

In tlic Rtenomiuee district (PI. xv) the schists and granités of the 
Basement Complex may be seen in typica) exposares both south and 
north of the lluronian rocks. Tbe northeru schist area îs well esposed 
at Twin and Four Foot Falls (PI. xvi), 3 to 5 miles northwestof Iron 
mountain, while the northeru granité appear.-j some miles northeast of 
Irou mountain.'" The southeru schists are ânely esposed south- 
east of Iron mountain at the TTpper Quinnosec falls (PI. xvii) and 
Lower Quinnesec falls (PI. xviii}, at Sturgeon falls (l'I. xix), and 
also at and near tbe crossing of the Menominee by tbe Milwaakee and 
Northern Railway.'''^ At the Ilorse Race abovo ITpper Quinnesec 
falls and about one-half mile to the south, before the solid granité is 
reached, numcrons dikes of this rock may be seeu cutting the schists." 
On the Mihvaukee and Noi-tbern Baiiway tbe granite rocks appoar 
about four miles south of Iron monntiiin. At this point and east and 
west of the railroad the întrusive relations betweeu the granitic and 
sehistose rocks are finely shown. 

In the JIiir(|uette distiict, on the railways north of Republic, Mich., 
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and along the railroad betweeu Michiganime aud Sumniît, tbo grauite 
and gneiss are beautifully exposed. East and west of Sumniit, for 
instance, tlie grey gneissoid granité and thebhick hornblendicgneisses 
are eut tlirongh and tlirough by red and pink granité dikes and veins 
of varions sizes. In souie places tlie granité is greatly prédominant. 
In others, considérable exposures of the gneisses are wholly free from 
tlie granité veins, and between thèse two. there are ail gradations. 
Near Marquette (PL xx) the fine-grained dark-colored greeu schists, 
the granités, and the intrusive relations of the latter to the former may 
be finely seen. At Light-House point (Fig. 33) the schists eut by both 
basic and acid dikes occur in typical developinent. On Picnic isliinds 
near by, granités and ancient diorites are both found, their intricately 
intrusive relations being such as to lead Williams ^ to the conclusion 
that both must hâve been plastic at the same tiine. Along and near 
the carriage road to Presque Isle the granitegiieisses are well exposed. 
Northeast of Negaunee (PL xx) the schists extend for 2 or 3 miles, 
after passing which the granite-gneiss is found. About one-half 
mile north of Baldwîn's Kilns, Sec. 21, T. 48 N., R. 26 W., dikes of 
granité may be seen cutting the schists. 

In the Penokee district (PL xxi) the schists of the Basenient 
Gomplex may be well seen almost anywhere in the eastern schist area, 
or in the western schist area at Potato river ^ (Fig. 34). The granité of 
the Basement Complex is well exposed south of the row of mines run- 
ning east from Ironwood to the Pahns mine, and on the Wisconsin Cen- 
tral Eailway south of Penokee Gap. The intrusions, of the schists by 
the granité are perhaps best seen along the contact zone near the west 
brandi of Black river. 

AU of the above areas hâve not been mapped in détail, and a doser 
study may show that some of the localities, hère describeil as Archean, 
are really Lower Iluronian. This is particularly true of the surface 
volcanics which are eut by granité veins and on that account hâve been 
placed with the Basement Complex. 

Lower Huronian. — ^The well-known, charairteristic rocks of the Ijower 
Huronian ave, (1) conglomérâtes, (piartzites, quartz-schists, and 
mica-schists; (2) limestones; (3) varions ferruginous schists; (4) basic 
and acid eruptives, which occur both as deep-seated aud as volcanic 
rocks. The order given, with the exception of the eruptives, is, from 
the base upward, that of the formations of this séries. 

The inferior formation is usually a quartzite or feldspathic quartzite. 
Where metamorphism has been severe it passes into a. quartz-schist or 
a mica-schist. The lowest horizon of the formation is in places a coarse 
conglomerate, and this when metamorphosed may become a conglomer- 
ate-schist. This conglomerate is of two types, depending upon the 
character of the underlying formation, whether granitic or schistose. 
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Tbv ImiCHtone foriuatkiii, whei] at its inasimuiu, ia of very coDsiderable 
tbicktiess. Tlie liinestone ia Bsaally verycryatalliof, and ma.voften be 
liroperly csllod marble, It trequeolly coutaiiiH a coiisiderable amoiiut 
of cbert. In placfiH it may be rïivided into two horizons, one of wliit-b 
is a tiearly pure i-bert artd the other iiearly pure murble. At other 
times tbe limestone becorueH very siliceous by a mÎDgliug of fragiuental 
quartz, whilti zones of whoDy fragmentai materîal toay otxtur. Tbeise 
impure phases are oftoii at the lower part of tUe limestoiie, where tbey 
may be coiiHidered as a transition frtun the underljing fomiatioD. The 
formation ovfrlying tbe lime«t»ne is usnally known as the iron-beariug 
member, since tt contains ail the iron ore of the Loner Euronian. It 
baN varied aspertn but tbe différent varietiee grade into oue auother 
both vertically aud laterally, so that wlien one becomes faniiliar with 
them the rotka of tlie formation may învariablj be recognized. Hère 
are inelatied henintiticand niagnetiticschittta, cherté, Jaspers, fermgiii- 
oua tsarbouates, and other forms. The formation alwaya differs from the 
limeHtune in t-arryinp a very considérable content of iron, aud it dllfers 
from tbequarUite in being largely, and Hometimee wholly, a ubemical or 
organic sédiment ratlier than a mechaiiical one. 

In the LowerHumnian basicemptive rocks areabnndantand locally 
cover ounsîderablo iireas. Frequently ncid eniptive^ also oi^nr. Thèse 
eruptives include both eontemporaneous volcauies and subséquent îu- 
tmsives. 

Tbe thn-e iie^linetilary niembers of the Lower Huroniim are not often 
neen in a single t^eetion. Tliiiâ may be due to lat^k of exposurett, but in 
Borne casen is undoubtedly due to the absence of one or more of tbe 
formations tliemselves. In the Lower Huronian séries arc to be placed 
the followingiron-bearingf districts: Lower Marquette, Feleh Mountain, 
Lower Menomînee. and the (Jherty Limcstoue member of tbe Peiiokee. 

In tho Menominec district (PI. xv) the Lower Huronian can be best 
stutlied at Iron monntain and vicinity, and at Norway and vicinity. At 
thèse places the irou-bearing meniber and the limestone are well 
expose li. 

In the Felch Mountain district tlie séries is best stndied in the neigh- 
borhood of Metropolitan. 

In the Marquette district {PI. xx) the iron-bearing member can best 
be studied at iîepnblic monntaîn and in tbe vicinity of the two towus 
of Ishpemiijg and Negaunee. The lower quartzîte and conglonierate 
may be well seen below the iron-bparing formation at Republic and 
near Palraer, between that village and the Platt mine. 

The cherty limestone of the Penokee district (PI. xxi) occnra only at 
a single readily iiccessîble locality, near and undcr a bridge of the Wis- 
cousin Ci'iitr.al lïailroad, jnst south of Peuokee Gap. 
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Relations of Basement Complex and Lower Hur&nian. — At the open- 
ing of th)s paper it was said tbat the Lower Huronian is separatedfrom 
the Basement Complex by au uncoiiformity. The évidence of this uneon- 
formity consista in the intricately folded character of the Basement 
Complex as compared with the nmch more regularly folded Lower 
Hiuronian ; in the completely crystalliiie character of the first as compared 
with the évident fragmentai character of the second; and, finally,at a 
number of places at the base of the lowest member of the Huronian, 
the occurrence of basai conglomérâtes, the fragments of which consist 
mainly of the subjaceut schists and granités. The ôrst two points may 
be appreciated by the contrasting lithological characters of the rocks 
and their ôeld relations at almost any place along the contact of the 
Basement Complex and the Lower Huronian. As the facts at actual 
contacts will, however, carry to many minds more weight than such 
gênerai relations, the particular localities will be pointed out at which 
the junction of the Lower Huronian and the Basement Complex may be 
seen. 

In the Marquette district (PI. xx) basai conglomérâtes are found 
both north and south of the Lower Huronian. At varions places along 
the contact Une of the Lower Huronian and the basement complex in 
T. 47 N., R. 25 W., the basai horizon of the quartzite becomes conglom- 
eratic, and contains a large amount of detrital feldspar. ISTear the 
Southwest corner of Sec. 22, T. 47 N., R. 26 W., the Huronian rocks 
contain numerous granitic fragments, and near the center of this sec- 
tion, for some distance ea^st and west along and near the quarter line, 
is exposed a magnificent basai conglomerate, great boulders of granité 
being closely packed together, and the matrix being mainly composed 
of finer material of the same kind. At oue point appears the solid 
ledge of subjacent granité, froni which the material is derived.^^ On 
the north side of the Huronian belt, on the State road, a short distance 
north of a small lake (Fig. 33), in the SW. J of the SE. J of Sec. 29, 
T. 48 N., R. 25 W., is a beautiftil basai conglomerate, the abundaut 
fragments of whi(;h are chiefly of granité and of green schist, some of 
the former being two feet in diameter. The actual contact between 
the conglomerate and green schist is seen. The granité itself was not 
found in this immédiate vicinity, but oçcurs to the northward. 

Of the localities described in the literature as showing basai con- 
glomérâtes or contacts between the Basement Complex and the Huron- 
ian, it can not be positively asserted that there are any at the base of 
the Lower Huronian rather than at the base of the Upper Huronian. 
There are, however, two localities w hère there is no doubt upon this 
point, the first near Cascade and the second near Republic. 

According to Dr. Wadsworth,^ <«on sec. 32, T. 47 N., R. 26 W., 
abont 1,860 paces north and 1,250 paces west of the southeast corner, 
451GB 32 




— M>p or Ihe (DTlnma of Muqnetto. 



At R«pubiic, contacta betweeu the Baaement Complex and Lower 
Enrontau hâve been fouiid at two points. The first is neta the Sharp 
bend of tbe Bouthea»t corner of the Bepnblic " horse-shoe," wherethe 
granité- gneiHs occura in actual contact with the qiiartzît« and qnartz- 
svhist of the Lower Huronian. Hère, as a resolt of powerfiil dynamic 
action, the latter bas become more thau nsually crystalline, and the 
contact is of such a character as to mate the relations somewhat 
obscure. Taking tbis point alone, the phenomeua could be interpreted 
in eitber of two ways. It may be considered that,as a resuit of shear- 
ing and metamorpliism, a eouimon secoiidary foliation has developed lu 
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botli the gneiHSoid-granite and the qaartzite derived from it; or that 
tbe gneissoid-graiiite is a subséquent întrusive, which bas metamor- 
pbosed tbe adjacent quartzites. Tbe first explanation is regarded as 
far more probable. At anotber place fartber west* tbe quartzite 
nud gneisRoid-granite occur very close to eacbotber, and bere the strike 
of the foliation in tbe granité is discordant with that of tbe bedding of 
the quartzite. 

Tbe second locality, discovered by Mr. Smyth, is at tbe soutbwest 
corner of the RepubUc "borse-sboe." Facing tbe nortb side of tbe 
granité is a layer of conglomerate several feet in tbickness, containing 
numerous large boulders and small fragments of granité, schist, and 
vein-quartz. One of the granité boulders is 3 or 4 feet in greatest 
diameter. Many are as mucb as a foot in diameter, and thèse are 
usually very well rounded. Tbe granité fragments are identical with 
tbe solid mass of granité adjacent. Tbe schist or gneiss fragments 
resemble tbe gneiss of tbe Basement Complex. The conglomerate bas 
been considerably sheared. As viewed in one direction, the boulders 
and pebbles are elongated, but wbere tbey can be seen in a section 
transverse to tbe foliation, tbey présent a rounded appearance, haviug 
reasouably sbarp contacts with tbe matrix, altbougb tbe metamor 
pbism bas been so severe as to cause tbe outer zones of the boulders 
to merge to some extent into the matrix. Near tbe conglomerate, the 
solid granité contains narrow layers or stringers of conglomerate, 
which run into tbe granité for some feet. It appears that thèse string- 
ers represent détritus sifted into tbe granité ledge, broken, and creviced 
at tbe time of tbe déposition of tbe conglomerate. A little way from tbis 
conglomerate is an exposure of tbe ordinary typical lower quartzite, 
and immediately above tbis follows the actiuolitc-magnetite-scbist of 
tbe Lower Huronian. The Upper Huronian contact and basai con- 
glomerate is some distance to tbe nortb. As tbe dips are bigh, it does 
not appear possible that in any way tbis conglomerate can belong at 
tbe base of the Upper Huronian ratber than at tbe base of tbe Lower 
Huronian. 

In tbe Menominee district, tbe only locality at which tbe supposed 
Lower Huronian is known to be in direct contact with tbe Basement 
Complex is at tbe falls of Sturgeon River. (PI. xv.) Hère the 
Basement Complex bas its tjrpical character. It consists of coarse 
black hornblendic gneiss, wbicb is eut tbrougb and througb by red 
granité. Botb occur in large masses, and along tbe numerous contacts 
tbe granité and gneiss are often minutely interlaminated, evidently by 
tbe intrusion of tbe latter. At many places dikes of granité may be 
seen passing from large granité masses and penetrating the schists, and 
then gradually dying ont. In places tbe schists are so eut by string- 
ers of granité as to bave a genuine pegmatized appearance. Upon the 
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uregular eroded miifaee of this Basement Complex rest masses of the 
brokeu \edge two or three feet tbicL. whieh pass apward into a S4rhist4>se 
conglomérats eontaiuiug nameroi» well-roonded boulders aod pebbles 
of tbe granite-gueiss and isebi^ in every respect like tbese rocks iu 
tbe complex below. The matrix of tbe scbist is sheared and crystal- 
line, bnt tbe larger pebbles and boulders of granité bave eseaped auy 
considérable crosbing. Tbere are several altemations of coar^^e cou 
glonierate and fine siliceoos scbist before the conglomerate finally 
gratles into tbe overl\iug qoartzite. Tbe geology bas not been worked 
oat in détail bere, and that tbis formation Ls the lower qnartzite of tbe 
Lower Horouiau rests npon tbe aatboritr of BrooksJ '* 

In the Penokee district no absolate contact is known between the 
Basement Complex and tbe Lower Horonian, bat at Penokee Gap the 
cherty limestone of the Lower Horonian dips to tbe north at au angle 
of 65^, while aboat 50 feet to the sonthward is the typical hornblende 
gneiss of the Basement Complex, its foliation baving a dip of about 
7(P to the southwardJ- 

Upper Huroniun, ~The Upper Horonian séries consista litbologîcally 
of conglomérâtes, quartzites, graywackes, graywacke-slates. shales, 
mica schists, fermginons slates, cherts, jas|)er8, and schists, and igné 
ons rocks, inelading both lava flows and volcanic fragmentais, as well 
as basic and acid intrasives. Tbe séries as a whole is very macli less 
crystalline thau the Lower Horonian, althoogb locally the shales and 
graywackes bave been transforroed into mica-schists and even iuto 
giieis.ses. 

The Lrp[>er lliiroiiian iminediaU^ly ab<int Lake Siii>erior is divisible 
into three formations, a lower slate. an iron-l>eanng forniation. an<l au 
upi>er slate. the basis of >èparatiou btMug that of meehauical or nou- 
mechanical detritns. 

The inferior formation ismaiuly a qaartzose slate or shale, bnt locally 
it passes into a quartzite. while the basai horizon is frequently a cou- 
^'lomerate. The uatnre of this conglomerate varies greatly, depending 
uiK>n the charaeter of tlie underlying formation, which may belong to 
the Basement Complex or to the Lower Huronian. In the first case 
the slate may rest upon the granité- gneiss, njxjn the schists, or upou 
the jn net ion of the two. 

The basai conglomerate corresponds in its chara^^ter, being a recom- 
pose<l j^ranite or <:ranite conglomerate. a recomposée! schist or scliist- 
conglomerate, or finally a combination of the two. When the h>we.st 
member of the Ui>i>er Huronian rests uiK)n the Lower Huronian séries, 
the underlying formation may be any one of the three formations of 
the Lower Huronian. As a ccmsequence the basai conglomerate may 
consist mainly of the fragments of any one of thèse formations, or of 
ail of tliem tojj:«'tlu'r, and not infrequt-ntly mingled with this détritus 
is that also derived from tbe Hasement Complex. Uowever, as a cou- 
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séquence of the résistant character of the jaspery iron-bearing forma- 
tion of the Lower Huronian and of mining opérations, the discovered 
contacts are luost frequently between the Upper Iluronian and this 
iron-bearing formation. In the basai conglonierate at thèse points the 
characteristic fragments are çhert, jasper, and other ferruginous mate- 
rials. This basai horizon is locally so rich in iron as to bear ore bodies. 
The uppermost horizon of the lower slate of the Upper Huronian is, 
in the Penokee district, a pure i>er8i8tent layer of quartzite. The cen- 
tral mass of the formation is a gray wacke or graywackeslate passiug 
in places into a shale or saudstoue. 

The iron-bearing formation consists of varions ferruginous rocks, 
including cherts, jaspers, magnetite-actinolite schists, iron ores, and 
ferruginous carbonates. It has been shown that ail thèse varieties 
hâve been derived directly or indirectly by transformations from an 
original lean iron-bearing carbonate, which was of chemical or organic 
origin or a combination of both. Mingled with thèse non-mechanical 
sédiments is a greater or lesser quantity of mechanical détritus. 

Above the iron-bearing formation is the upper slate formation. 
This is mainly composed of shales, frequently carbonaceous or graphitic, 
slates, greywackes, and mica-schists,oftengarnetiferousand staurolitic. 
The mica-schists are usually toward the upper part of the formation. 
Ail stages of the change hâve been made ont between thèse crystalline 
rocks and plaiiily fragmentai phases from which they are derived. 

The lower slate formation is of variable thickness, but is generally 
less than a thousand feet. The iron-bearing formation is also of very 
variable thickness, its maximum being perhaps about the same as that 
of the lower slate, and from this it varies to disappearance, the horizon 
being usually represented, however, by carbonaceous and ferruginous 
shales and slates. The upper slate formation includes the great mass 
of the Upper Huronian séries. Its maximum thickness is more than 
10,000 feet. 

In certain areas, during Upper Huronian time, there was great vol- 
canic activity, as a resuit of which peculiar formations were piled up, 
wholly différent from any of the ordinary members of the séries. Also 
this volcanic activity greatly disturbed the regular succession, so that 
for each of the volcanic districts an independeut succession exista, the 
sedimentary and volcanic formations being intimately interlaminated. 
The two areas which are best known are the Michigamme iron district 
north of Crystal Falls, and the east end of the Penokee district. In 
the Michigamme iron district is an extensive area of greenstones, green- 
stone-conglomerates, agglomérâtes, and surface lava flows, many of 
which are amygdaloidal. In the Penokee district the materials are 
almost identical. The tj^ical succession for this district extenda in 
unbroken order for 50 miles or more, but east of Sunday Lake this is 
snddenly disturbed by the appearance of the volcanics. The char- 
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acter of the meks aud tlieir order sooii becoinp ho différent tliat if oiie 
were not able to trace the change there woukl be a great teuiptutinn t« 
regard tbe part of the séries beariiig volcaiiics aa earlier tbau ur iut«r 
than the l'enokoe séries proper. But the continuity of the two caii 
iiot be donbted. Thus tbis occurrence well illustrâtes that lithologtcal 
cbaracterin pre-Canibriaii, as in post-Cambriaii.timeis no certain guide 
to relative âge. Fîually, asKociated with tbe Lake Snperior Upiwi- 
Hurouian rocks are many later intrasire diket^aod int«rlaminated sIIIh, 
chiefly diabases, gabbros, and diorites, but local granitic intnisiv<^s alsn 
occur, particularly in tbe Fclch Mountain and Crystal Falls diHti-îctSf 
and possibly also in the Menominee district. 



f,fimiffe/iousCA^t 




Via. 31 — Hap of cipoanrea at Potato linr. 

Tbe TJpper Hnronian can advautageoosly be atadied in the Penokee 
district, ' "■ " (PI. xxi). Hère the entire séries extenda for mauy uiilea 
in a ncarly east and west direction. Tbe lower slate is baudsomely ex- 
posed soutU of tbe Aurora and Palms mines, and at tbe following rivers : 
West Branch of the Montréal, Potato, Tyler's Fork, and Bad. 

Ita npper horizon of quartzite is esposed at most of thèse locali- 
ties and also at many of tbe miiiea. The varioiis phases of the iron- 
bearing membor — except tbe actiiiolit'e-iiiagDetite schists — may be seen 
aloDg the line of mines from tUe Sumliiy Lake on the east to the Pence 
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on the west. The transformation of the original iron carbonate to 
other phases of rock is particularly well seen at the Palms mine rail- 
road spur, just north of the mine, and along Sunday Lake ontlet, jast 
north of the railroad, about onehalf mile east of the Black River 
bridge. The maguetite-actinolite-schist phase of this member is finely 
exi)Osed at, as well as both east and west of, Penokee Gap. The upper 
slate member is largely exposed in the railroad cuts about half way 
between Hurley and Pence, and just north of Penokee Gap. In this 
vicinity may be seen the transition between plainly fragmentai grey- 
wackes and mica-schists. 

In the Marquette district (PL xx) good exposures of the Upper 
Huronian may be seen along the wagon roads between Humboldt and 
Glarksburg, and north of the latter place in Sec. 1 , T. 47 N., R. 29 W., 
and in Secs. G and 7, T. 47 N., R. 28 W. ; along the wagon roads north 
and northwest of Champion, in Secs. 29, 30, 31, 32, T. 47 N., R. 29 W.; 
south of Michigamme, and at other localities. Thèse places are excep- 
tional in that they afford opportunities to see, in continuons sections, 
both the Lower and Upper Huronian. Near Humboldt, at the Barron 
mine, is the basai conglomerate of the Upper Huronian, while to the 
east is the iron-bearing member of the Lower Huronian. To the east 
of the town are the slates and gray wackes of the Upper Huronian. At 
the second locality thèse slates and graywackes may again be seen, and 
also the iron-bearing formation of the Upper Huronian at the Pascoe 
and North Champion mines. At the third locality the basai conglom- 
erate of the Upper Huronian may be seen just south of the open pit of 
the Michigamme mine; the slates and graywackes are found on the 
promontory just south of the village, while the staurolitic and garneti- 
ferous mica schists eut by granité veins are finely exposed along the 
south shore of Michigamme Lake opposite the village, and upon the 
islands to the eastward. Above the iron-bearing formation of the 
Lower Huronian at nearly ail the mines of T. 47 N., R. 27 W., and also 
at Republic, may be seen the lowest formation of the Upper Huronian. 
At many of thèse places it is heavily ferruginous and contains impor- 
tant ore deposits. 

In the Menomlnee district (PI. xv) the lowest formation of the Upper 
Huronian may be seen above the Lower Huronian iron formation at 
Iron Mountain and Quin nesec. The séries can, howe ver, be best studied 
about the Commonwealth mine, and 2 or 3 miles to the westward in the 
vicinity of Lake Eliza.^ The country to the north of the western half 
of the Menominee district présents a great area of Upper Huronian, 
extending to the mica schist of Michigamme Lake. 

The unconformity at the base of the Upper Huronian. — It has been 
said that the Upper Huronian frequently rests directly upon the Base- 
ment Complex, the Lower Huronian not appearing, and at other places 
rests upon the Lower Huronian. 
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Contacte ofthe first kind are eitsily iiccesaible in tljePennkce diatnct. i 
Thatthereisbetweeu . 
tlie Peiiokee séries i 
ami the Baseniunt J 
(.'oiiiplex a great un- 
confonnity is iiidi- 
oated (l)bythecom- 1 
plet*!ly cryatalliite 
1^ rii I di tion of tbe Base- 
• ,. lit Ciiiiiplox aa 
: < iiiitarcd with tlie * 
IJttl". altcrcd elinrac 
ter of tue Peookee 
séries; (2) by the iotricaite relations ttffliesohist&MiâgiudBBc^d granité 
of the Basemeat Oomplex aoA ita MHnpHcated fidding as «oatmated 
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witli the orderly succession and simple monoclinal tilting of the Pe 
kee aeries; and (3) by auconlbniiable contacts at varioua placée. 
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An uncouformable contact between thé base of tlie Peuokee seriea 
and tlie scbists inay be seen at Potato river ^ (figs. 34, 35, and 36). 
Hère the Bcliistosc structure of tlie gneiss abuts periiendicnlarly agaiust 
tbe beddiog of the slates, and in tbe latter are numei'ous fragments-of 
tins former. 

Contacts between tbe «lates and the gneissoid granité niay be seen 
jiist south of tbe Aurora and PaltnH mines. Hère tbe slates contaiit 
abundant granitic débris, and détritus bas flltered down into tlie cracks 
of tbe préexistent granité. 

Near tbe center of Sec. 28, T. 47 N., R. 42 W.» is a contact (fig. 37), 
below whicb are botb the schists and intrusivc granités of the Base- 
ment Complex, and abo%'e which is 
the basai congloinerate of tbe Peu- 
okee séries, its débris being derived 
from both the underlying rocks. 

In tbe Marquette district the Upper 
Horonian rests unconformably upon 
tbe Basement Complex in tbe gorge 
of Plumbago brook, about 400 feet 
soutbwest of the soutbwest corner of 
Sec. 9, T. 49 N., R. 33 W.» In tbe Sil- 
ver Lakearea of tbi» district a beau- 
tiful uncouformable contact between 
thèse same séries may be seen on tlie 
northwest shore of Silver Lakc, " 
SB. i HW. i Sec. 8, T. 49 N., R. 28 
W. Hère in the Horouiau gJates are 
great blocks of the subjaceiit granité, """■" "> «^nntact «iih itaH-ment compiei. 
the conglomerate restiiig with visible contact ui>on tlie granité and 
fllliug its holIowH and pre-lluronian clefbs. 

We now tum to tbe second class of contacts, those in which tbe 
Upper Huroniau rests upon one of tbe foniiations of the Lower Huro- 
nian. In tbe Penokee district, at Penokee Oap, the inferior horizon of 
tbe lower slate m a maguetitic quartzite. Tbis is in contact with the 
subjacent cbert of tbe cherty limestone, from whicb the greater part 
of tbe débris is derived. Ëast of Sunday Lake, near the east balf of 
the sonth Une of Sec. 10, T. 47 N,, R. 45 W., Wisconsin, a cbert con- 
glomerate is well exposed. The underlying cherty limestone is not 
seen at the immediiite vicinity but api>ears a short distance to tbe 
east. At neitlier of tbese places bas a discordance in strike aud dip of 
the two séries beeu described. 

In the Marquette district tlie basai conglomerate of the Upper 
Huronian, with its materia) mainly from tbe adjacent iron-bearing for- 
mation, may be seen at nearly ail tbe large mines. This conglomerate 




of Uppnr Hu> 



606 



EXCURSION TO LAEE SUPEBIOR. 



is esposed on the grandest scale, however, at the Repablic and Kloman 
mines, and aloDg tlie Saginaw range, particularly at and near ttae old 
Goodricli mine. Frequently the lamiiiation of the Lower Hnronian 
iron formation and the beddîng of the conglomerate nearly accord, as 
at the Bepablic and Kloman, where the diBcordanœ is not more than 
6° or 10°, although the pre-Upper Haronian surface vas plaiuly one of 
érosion. Bat in certain cases the bedding of the two séries is nearly 
at right angles to cach other,*' as at one place jnst south of the Good- 
rich open pit (tig. 38). At the Bepablic tlie basai conglomerate is 

beet observed at the 
sonthw«st corner of 
the borae-ahoe, and 
along the edge and 
west slope of the 
east arm of the horse- 
sboe. 

In the Meuominee 
district the basai 
conglomerate of the 
CTpper Haronian is 
not well exposed, but 
bas been detected at 
tbeCbapinandQuin- 
nesec mines byshatts 
and drill botes. In 
every respect the occiirrencea hère are analogoiis with tliose at Mar- 
quette. 

The Keteeenaw seriei. — The Keweenaw séries is coinpoaed litholof^ie- 
ally of gîibbros, diabaseR, porphyrites, aniygdaloids, fcisites, quartz- 
porphyries, etc., and nf Randstoiies and conglomérâtes. Tlie basic and 
acid rocks coustitutiiig the série» are maiuly surfiuie llows. The gabbro 
tiows are often of immense thickness. Thediabase flows are usually 
mach thinnev, and freqnently pass in their npper parts iiitn i>ori)hy- 
rites and amygdaloids. MaTiy flows are porphjTÏtic or amygdatoidal 
t]iix)nghoiit. The bed» of quartz por]>hyry aud felaite are abundant in 
certain districts but nsiially hâve no great latéral extent; but while a 
single How may bo trat-ed but a little way, frequently a groop of How.s 
of the sanie gênerai c.haracter may bave a great extent and thif'ktiess, 
Even the groups «f flows, howevcr, tan not be regarded as gênerai for- 
mations for the wliole of the L:ike tjupmor basiti. 

In very large niejisure the sandsttnies and conglomérâtes of the 
Keweeuawan deriveii their sédiments frnm the volcjiuics of the séries. 
Consequently tliey vary in cliarai-ter, as du the siibjacent voicanics, 
Since fragments of the iu-id rocks art; more résistant than Ihusc of tlie 
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basic rocks, tbe former are relatively important as pebbles. The 
detrital formations, like tlie lava flows, are not universal for the Lake 
Superior basin, althougli niany are much more persistent than the lava 
beds. A given detrital bed varies from a mère seam of narrow local 
exteut to thick beds of sandstone and conglomerate. One conglomer- 
ate has been traced by Marvine as a continuons formation for more than 
100 miles. 

Since the number and thickness of the volcanic beds as well as the 
detritals vary greatly, the Keweenaw séries as a whole is widely vari- 
able in différent districts in its chanicter and thickness. Structurally, 
Irving has divided the séries into two parts, a lower division in which 
eruptives are présent, and an upper division in which eruptives are 
absent. In any one section of the Keweenawan, at the lower part of 
the lower division are generally found numerous volcanic flows with 
few or no detrital beds. In passing toward the middle of the séries the 
sandstones and conglomérâtes become more and more numerous and of 
greater thickness. Still higher the sandstones and conglomérâtes 
become prédominant, and finally volcanic produ(;ts di'sappear, the upper 
ten or fifteen thousand feet of the Kewe^naw séries being wholly com- 
posed of mechanical détritus. 

The localities at which the Keweenaw rocks may bewell «tudied are 
so numerous that only a few of the most conveniently situated will be 
pointed out. Tlie lowest members of the Keweenawan are well and 
continuously exposed north of the Upper Huronian rocks of the Pen- 
okee séries. They are particularly accessible north and east of Sunday 
lake; in the bed of Black river; north of Bessemer; and along the 
Wisconsin Central Eailroad, north and east of Penokee Gap. At the 
first of thèse places the bedded character of the amygaloids is finely 
shown. At Black river, and in the bluff at the west side of the valley 
north of Bessemer, may be seen sandstones interstratified with the 
lavas. At Penokee Gap the lower members of the Keweenawan are gab- 
bros. The Montréal river section présents the greatest known aggre- 
gate thickness for the séries, estimated by Irving to be about 50,000 
feet. 

On Keweenaw Point, in the vicinity of Iloughton and Calumet, the 
middle copper-bearing portion of the séries can best be studied. The 
copper occurs both in the conglomérâtes and amygdaloids. The higher 
members of the lower division are tinely exposed at the end of Kewee- 
naw i>oint, thèse detritals being particularly well shown at Copper and 
Eagle harbors.' The Plagie river section shows both the detritals 
and the interstratified basic eruptives.^** The acid members of the 
Keweenawan are most accessible along the coast of Lake Superior in 
the vicinity of aud east of Beaver Bay. At the Palisades between 




Beaver hay aud Twti llmboiâ raay also be tmeu botli basic iind -.wid 
Tolcanic rwks, inclniliitg tlie soinuwliat rare bytowuite rocks.^ 

Vttcon/ormittf betieeen Vpper HuronUm and Keweenawan. — The only 
district ou tlie sontli nhore iti vbich tbe Keween&wan anti TTpper 
Burouian are in contact is tHt» P^nokee. In crosa section th? two are 
in apparent coufin-niity, for their northward ilip» are about tlio «aine. 
Howevcr, tbe unconlurmity ia cleai'ly ebnwn by tbe fact tbat tlitf 
Keweenawiuii8hereiiiconta4!twitb a highiuemberoftbciPenokee séries, 
tbere in onhii-t n-itb w lowiT nipinlicr (PI. XXI). Thiw oan ncit bo due 
to overlappiog beoanse tb» iDolijiatioii of both aeriai la from 60° to 80°. 
Tbe pUenomena are satisfiietorily explaiaed by a gentle orogn^hic 
movement aod an érosion vbîcfa in places reiQoved 10,000 feet of tiie 
BeâimAnta of 1^ Penokee séries betveen tiie TXiQtw IlaroDiaB aod 
Keweenaw timeK. 

The OamitrioM. — ^The Ounbriwi rocks of aie sonth sbore of IdAe 
Saperior ooosist vholly of saadstones. Thèse are in a hOTizMital posl- 
tioa <Hr nearly so, and are whoUy uiu^eoted by aay snbseqnent igneons 
locks. Tbey are magniflcently ezposed along.Uie east hiJf of the sonth 
sbore of Laite Soperior, whoje for many miles tbey finrin bold olifb. 
Thelr oharact^ oan be sem at the sandstone qnaniâs vluch are scat- 
tered firom.Fond dn LacaboTe Dolnth to Banlt Ste. Marie. Someof 
tlie more importait of thèse are those at or neat Fond du Lao, Bayfldd, 
Portage Entry, Horon Bay, and Harqnette. 

ilnoonfomity betvioen K'^eettawa» and Cambrian. — ^With one or two 
exceptions it is agreed by ail tbat between tiie Een^eeuawan and Cam- 
brian is a great unvonformity. Bnt since it is coiisidered by some a 
mooted question, and as the évidence can not hère be fnlly presented ou 
one or both sides, no attempt will be made in tbis sketeh to show tbe 
existence of tbis physical break. In order to comprehend the matter 
it will be nee€S8ary to refer to the original literatnre.'* '■'"■'''**■** The 
relations between tlie two séries may be well stadied along the contacts 
on Keweenaw point; in Douglas contity, Wisconsiii; in the St. Croix 
Falla district, Wisconsin ; between the north and south trap ranges 
east of Gogebic Lake; and also at one point west of Gogebic lake. 

Tbe Cambrian may be seen resting unconformably upou tbe Horo- 
nian and on tbe Ba»enient Complex at many points. Some of the more 
convenient of thèse are Black Eiver falls, WiSconsin, Ableman's and 
other places about the liaraboo ranges; at Granité Point, Presque Isle, 
L'Anse, and Inertzitc, a point south of Marquette, ail on the south 
sbore of Lake Saperior; und at Xorway and other places in the Meuo- 
minee district.^ 

The Original Huronian région. — The rocKS of this district are sepa- 
rable into a Basement Complex, a Lowcr Huronian, and an Upper 
Uni'onian. The Keweenawan docs not hère occur. Tbe lîthological 
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chara«ter of tfae Battemeot Goinplex is in »1I respects like that of tlie 
south Hliore of Lake Sujterior. Tlie Luwer Huronîan coiisists of aemi- 
metamorpliosed fragmentai rocks. The exact Buccession of its forma- 
tiou3 is not so well kiiowii that it eau be correlated witli tlie Lower 
Hurouiaii formations on tlie soutli slioreof Lake Superior. TheUpper 
Uurooiaii cousJHtijof littlemetainoipliosed, but iuterstitiallycemented, 
elastic rocks, Tlie formations Iiero bclongiug are several and tliey 
can not bo ecjuated vitti thosu of the Upi>er Iluronian of tbe soath 
Bhore. 

Between the three série» thero are {tbysical breaks. Tbat between 
the Basemeut Coinples and tUo Luwer Euronian is of tlie finit order. 
Tbls discordance may be seen at two localities. At the north end of a 
large bluff uear Garden river, eaat of Siiilt St Marie, the slate cou 
glomerate varies downwird into a maguâceot basai conglomérat©, 
the fragments of which art m large part great blocks of granité, 
a Bolid ledge of which is adja- 
cent. Fouror flvemileseast 
of Thessaloii, ou the Nortli 
Channel of Lake Uuroii, is 
an actual contact bttween 
the lowest meiuber of the 
Lower Huroutan and the 
BasenieDtComplex(Fig 30) 
Above tlie contat-t line niay 
be seen a great development 
of basai conglomerate the 
wuter - worii fragments of 
which are derived from both 
the granitic and schistoso 
members of the underlyîng rock complex.'"* " 

The évidence of the pliysical break between tlie Lower Iliiroiiian and 
Upper Hurouian wliiie considérable is uot démonstrative. The one 
actual contact described is near a marble qoarry east of Garden river, 
wliere the basai conglomerate of the Upper Huroniau rests upon the 
limestoiie of the Lower Hurouian aud carries abundant fragmenta of 
this rock." 

Korthwent skore of Lake Superior. — Northwest of Lake Superior the 
full succession of tlie soutli shore ajipears, tbat is, a Basemeut Com- 
plex, Ivower Huroniau, Upper Huroniau (Aiiimikie), aud Keweenawan. 
The essential litholugical ebaracters of thèse séries are very lîke to 
tlinse of the sonth shore, aud in the case of tlie Upper Huroniau (Auimi- 
kie) the order of ita formations and their character are the ssime as 
those of the Upjier niirouiau of the Penokce aud Marfjuette districts. 

The relations between the liuNemtrn t Complex and the Ijower Huroniao 
hâve not been closely studied, althouj^h the Cauadian gcutogists hâve 
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Iirltl ikat thi) two mv i» ut fur niable. At Stcvp Barfc bfce. i^BUrin^" 
tlirtii' I.-*, bowL■^vr, tbt> t;U>areHt f-ndem-v tlnu tbe two an- UK-oyiiinmfale, 
tliu Inwi-iit liiJtizoïi n( tlie SUfep Rtx'-k «eriiw lyinp apam «nd eonUtniD; 
n-ueuioiitii or thv niuiliiuiciitul eomplex of tbe dutrirt. 

TIh- uiK-oufunnity Iwtweeti the Lower and rppcr Ilnruftàii i* a( tl« 
ntoMt iDurVod i-hanu-lcr. Tliitt in m i>riil<>iil tliat il lun hrm ttiBr nniW- 
hIwh) Hluoe tlte oarli«.Ht. work nf Logaii Kixl Mnrra). It bmjt b« «dl 
ntntliM) jii thv vldiiDyurPort Artbiir, wlit-n- rbe Aat-ljineaBd namet 
nmnr|ib*'"Ml rwkH uf tbu Animiliio are frBjnently fuond ÎucIhm* rrb- 
llrtiiH wltli tbv vvTiiv»} schiote snd Hlab» o( tbe Lover llomiibn: and 
•t oiiP pbiM> iiordimiMt (tf Pnri, Artbur, nu a^^tnal ImwaI nmghma- 
atotif U)i< iVuliiiikk' wit» ni'ieii rt!8Mij)(a« h t-Uiu lu^irr capping thr rtjti- 
cul M'Iitxtjt. At tlic Ranitniatiquift river, abore Kakabikka faJKui; 
tbo tint lyiiiB b<HlM (iftlie Animikie, while»ta sbort distanc*^ atifiran 
tUo vt'itifiil ai-ItlnlA of tb« Ijower Huronitm."'* 

'llw rcbitJons wliicb obui» btawevn tho Auiinikie and Ke«i«Dawaa 
nn>ttl«'ii1ioiil wiMi tboM! uftlic l'oonkoe dJKtrict, tliat i&, îii sectioD tbetwa 
a|t)H>iir ipMivniUy t» tH> i-<mf»ruiable, but lo follovriog along llie eoatmet 
liiic (lii< Kovrpciiiiwitii U tbiiiK), now tuy^^^t to ooc meuber of tbe 
Aiiiiiilkitt Hitd iiow wftb tuiotber. IJowcvcr, ii«ar Grand Portage, it 
SdWfor'H llo)' ■>» Ihi> aoiitkwottt Hidu uf Thuuder Cupv, and at oUier 
Itlwmi iiuty U< nvcu (loflnit^ovitlnnce of a» eroaton betwwti tbe tiro.- * 

Orufntl roHflufidnn.—U tliim it|ip<<)irH tlint nort.h of Lake Iluroii, in 
tbt> vtirioiis itistrii-ts soiith of Lake Siiperior, and northwest of Lake 
SiiiH'rJoi' tjn' ni-ib'i- of siif(H>ssinii, litbologicul cbaracter, and tbe r«i;itii>ns 
wliifli i>I>l«iii bftwivn tbi' pivl'aiiibriaii séries are much tbe same. \Ve 
tbi<ivfi>iv •oiit'liiitt- tlKit tlu' lîast'ini'iit Comiilex, tbe Lower Huroniao, 
and Ili(> l'|<|>('r Itnmniiui iirc HyncUrouuns séries, and that the ancoD- 
foriiiil ii's wliii 11 si>|i:u nli' tlu-ni «'xU'nilwi tbroughout tbis vast ref^ionand 
lire p'iK'riil. Il«\\ nin<-U larllii-r to tbe wostwaril thèse nuconforuiities 
(<\h-nil fiiii iiol iiiiM Ih> sr:it<-t). The rosnlta aimouTieed by Lawson and 
\Vitiiln'II in iiorllii'iisloni M iiiiKVsotti and western Ontario do not ap{>ear 
u( tlrst sijilil to littniioiii/i' wirh the conclusions hère given. Whetber 
tlu'ii* iî» boit' :i ililVi'it'dt oi-di-r of séries is too difficult a subject to dis- 
ruHs in iliiN l'i.m'. Ail unt'oiiforniities luust end soniewbere, and it is 
iHit iuiiHi-vMlili' ituit rliis iHviirs ot'one or inore of tbose deûned in tbis 
pajn*!' iH'tlif»' Ibv l.aki' of Ilii' WiMida is reiM'be<i. Abundant granitic 
ilitriiidon» Irtlei- tban tlio liascincni Coinplex in this région fartber oom- 
pIir»t«tlieK''"'osy. I tliink it is probabh', that iiltimately it will be 
Htniut tli'it tliis i'i>>.'ion uni! tlie Lake ^ntH>rior région bave a simiiar 
iit<()iience of Ki'"l<'K"fi»l st-rifs. 
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